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important! Please Read! 


The NFI Certification Exams are based on the hearth industry's best practices. The primary re- 
sources for the exams are the NFI Reference Manuals published by the Hearth, Patio & Barbecue 
Education Foundation. Some questions call for basic knowledge of home construction and general 
field experience, including interpretation and application of manufacturers’ instructions. The NFI 
Certification exam is rather rigorous. It needs to be in order to maintain high industry standards 
and ensure it is a quality certification for those who participate. Just a few words of advice: Read 


and study the manual! 
While years of industry service provide an exceptional background prior to taking the NFI Certifi- 


cation exam, we have found that those who are most successful have taken the time to review the 
manual regardless of their years of industry experience. Review classes and other exam preparation 
training also positively support exam results, but they are most effective when combined with man- 
ual study. Taking the review class alone does NOT guarantee success with the exam. 


‘The exam is based on the following subjects: 

I. Fundamental Knowledge (25% of the exam) 
1. Combustion 
2. Heat/Heat Protection 
3. Safety Guidelines/Consequences of Actions 
4, Construction Fundamentals 

II. Installation Knowledge (75% of the exam) 
5. Regulations and Instructions 
6. Fuel Delivery (Gas only) 
7. Appliance Requirements 
8. Draft and Ventilation Principles 
9. Venting Requirements 
10. Post Installation Inspection and Service 


For a complete Index of Knowledge Statements, please see the Index of Knowledge Statements in 
the back of your manual. For complete details about NFI policies and procedures, please refer to 
the NFI Policy Manual on the Industry Professional page at http://www.nficertified.org. 


Standard calculators are permitted during the exam, however, no other hand held devices (cell phones 
etc.) ave allowed. 


We're looking forward to adding your name to the list of NFI Certified Professionals. If you have 
any questions, please feel free to contact me at 703-524-8030. 


Ce te Yb 
Rick Vlahos 


Executive Director 
National Fireplace Institute 


703-524-8030 1901 N. Moore Street Suite G00 Arlington, VA 22209 703-522-0548 Fax 
http://www.nficertified.org 
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Helpful Hints for Taking the NFI Exam 


Thank you for your interest in becoming certified through the National Fireplace Institute. Here 
are some helpful hints to assist you on your journey to becoming a NFI Certified Specialist. 


° Study from the current NFI Reference Manual. 


* Each manual is specifically written to contain all the information that will be on the exam. 
The content is updated every few years. You may miss vital information if you study from an 
old manual. 


¢ Allow yourself a sufficient amount of time to study the manual before taking your exam. 
Field experience and educational classes may help you prepare for the exam, but nothing re- 
places the need to study the manual. 


¢ The NEI Review class is often presented to help you prepare. 


> Tt is designed to REVIEW the material in the manual. This class will not teach you every- 
thing you need to know. It assumes you have already studied the manual. 


» ‘The NFI Review class for each exam is now available online. Every exam package includes 
access to the Review class for that exam at no additional charge. 


¢ A Practice Exam is available that includes information about all NFI exams. The document will 
explain how we write the questions, why we write them that way, you'll have 10 sample ques- 
tions for each fuel type, the right answer and why it is the right answer. To order, go to the NFI 
web site. It is available in a printed booklet or a PDF file. 


¢ This is a closed-book exam. 


¢ A Standard calculator is allowed but you may not use the calculator function on a smart phone. 
Cell phones or other handheld devices are not allowed. 


¢ Bring a photo ID card with you to the testing location. 


We are often asked about the passing score. There is no simple answer to this question. You will re- 
ceive a pass/fail result based on the statistical analysis our testing consultant has determined for the 
exam you took. Some questions, some sections, are more important than others. After we get your 
test scores, we will generate a report that breaks the exam into sections. ‘The report will show a score 
for each section but we do not give a score for the entire exam. The report references the Knowl- 
edge Statements associated with the questions that you got wrong on the exam. There is an Index of 
Knowledge Statements in the back of the manual that refers you to the section of the manual that 
you need to study. The passing score is ABOUT 70-80%, depending on the exam you are taking. 


If you have any questions, please do not hesitate to call. 


Thank you, 


Gwen Thompson 
Manager - Certification & Education Programs 


703-524-8030 1901 N. Moore Street Suite 600 Arlington, VA 22209 703-522-0548 Fax 
http://www.nficertified.org 
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The tradition of a hearth appliance is deeply ingrained in American lifestyle and history. From colonial days, the hearth has 
always been a complex combination of a practical source of life sustaining heat and comfort, as well as an embodiment of style, 
charm, and romance. The modern hearth industry has been dedicated to delivering an array of products that fulfill the diverse 


objectives and tastes of homeowners. 


Installation and Safety Standards 


‘The installation portions of this study manual primarily cite NFPA 211: Chimneys, 
Fireplaces, Vents and Solid Fuel Burning Appliances, NFPA 54: National Fuel Gas 
Code, American National Standards Institute (ANSI) Standards and Internation- 
al Residential Code (IRC). The majority of state and local governing bodies have 
building codes that dictate rules for installation of hearth appliances. State and local 
codes are often developed from a model code. Normally, these codes have the force 
of law and should be strictly followed. It is important to note that this study guide 
is not intended to be used as a code or as a standard. In some cases, local codes will 
differ from the information included herein. Building officials often reference codes 
in citing requirements for the installation of hearth appliances. It is important for 
an installer to know which codes apply in the areas in which he or she is installing 
appliances. To find out which codes apply, it may be necessary to contact the local 
municipal, county, and/or state offices that have jurisdiction. 


Obligations of Hearth Professionals 


Sellers, installers, and service technicians of hearth appliances assume certain moral and legal responsibilities. The moral 
responsibility is clear. Improper installation or service potentially can lead to fires and other hazards resulting in loss of life 


and property. 


Technicians and planners should also understand that legal action can arise from improperly installed and serviced appli- 
ances. If an incident occurs, all involved parties may be named in a lawsuit; this includes the manufacturer, the distributor, 


the retailer, the installer or service technician, the test laboratory, the building contractor, and subcontractor. All interests are 


Purpose and Limitations 


This manual has been prepared 
for informational purposes only 
and does not reflect the views of 
the Hearth, Patio & Barbecue 
Education Foundation (HPBEF) 
or the contributing agencies and 
companies, nor constitute an en- 
dorsement of any commercial 
product or person. Neither HP- 
BEF nor its officers, employees, 
or agents makes any warranty 
with respect to this manual or as- 
sumes any liability arising from 
the use of this manual. 
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best protected if everyone is uncompromisingly attentive to appropriate codes, understand and follow the manufacturer's 
installation and service instructions, and use the proper parts and materials. 


Hearth, Patio and Barbecue Education Foundation (HPBEF) 


The Hearth, Patio & Barbecue Education Foundation is a private, 501(c) (3) non- 
profit organization formed to serve the public interest by advancing the safe and 
responsible installation and use of hearth products. The Foundation promotes safe- 
ty, understanding, and responsibility in all facets of hearth appliances and products 
through professional training, certification, and public education programs. 


a NATIONAL 
FIREPLACE 
INSTITUTE 


A CERTIFICATION AGENCY 


National Fireplace Institute (NFI) 


The National Fireplace Institute’ (NFI) is the professional certification division of 
the Hearth, Patio & Barbecue Education Foundation. NFI’s objective is to increase 
public safety by establishing meaningful credentials for professionals involved in plan- 
ning, installing and servicing residential hearth appliance and venting systems. NFI, 
established in 2002, certifies technicians and installers in four hearth product categories: 
¢ NEI Gas Specialist. * NFI Woodburning Specialist * NFI Pellet Specialist. * NFI Hearth Design Specialist 

Since 1981, the Hearth, Patio & Barbecue Education Foundation” has conducted certification programs for the industry. 
In 2001, the move was made to update the certification program into one that meets the stringent national standards for 
certifying agencies. Doing so was a challenging and expensive process that included job analysis, exam blueprint and valida- 
tion, and scoring methodology. The result however, has been a program that serves to greatly advance the credibility of the 
hearth industry and offer a basis for states and jurisdictions where licensing may be considered. 

NFI recognizes individuals who have successfully gained all three fuel type NFI Certifications as Master Hearth Profes- 
sionals (MHP). 

The NFI Hearth Design Specialist certification, the newest category created by the Hearth, Patio & Barbecue Education 
Foundation seeks to educate and certify those who are involved in the installation, planning and selling of hearth products 
of all fuel types. 


How is the program governed? 

NFI is ultimately governed by the Hearth, Patio 8 Barbecue Education Foundation (HPBEF) Board of Governors. How- 
ever, numerous committees fulfill the crucial tasks of the ongoing development and maintenance requirements for each of 
the NFI certifications: 

¢ NFI Certification Committee: Oversees and directs the various NFI sub-committees and reports directly to the HPBEF 
Board 

¢ Job Analysis Committee: Composed of Subject Matter Experts (SMEs), this group surveys and identifies specific job 
tasks and required knowledge necessary for safe and correct installations 

¢ Manual Review Committee: Using Job Analysis survey information, this group contributes, reviews, and edits the NFI 
Reference Manuals, the official study guides for the NFI exams 

¢ Exam Writing Committee: Also using the data gathered by the Job Analysis survey process, they prepare exam questions 
under the guidance of a professional consultant 

* Cut-score Committee: Using the Modified Angoff Procedure, this group reviews each exam question performance from 
a pilot over length exam to ultimately determine the passing score and eliminate poorly performing exam questions 

¢ CEU Committee: The Continuing Education Unit (CEU) Committee is responsible for reviewing and accrediting edu- 
cational sessions across the industry and makes policy recommendations on certification renewal to the Board 


What is the value of having the credential? 

‘The value of certification in any industry is well documented with positive implications in consumer satisfaction, employ- 
ee retention, defined career paths, and job performance. NFI Certification provides value specific to the hearth industry in 
numerous ways, such as: 

* NFI Certification increases public safety through the proper training and qualification of planners and installers 


* Hearth manufacturers experience reduced callbacks and customer complaints due to faulty installations 
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¢ Hearth retail owners and managers can increase public awareness and consumers’ confidence in their products and services 
* Hearth professionals have a credible, nationally-recognized credentialing program through which they can validate their 
knowledge and advance in a career path 

Thanks to these efforts, NFI is now recognized as the basis for licensure in several states, counties and local municipalities. 
Licensing is a local issue and many times NFI certification is required without any notice to the NFI office. 


Who is eligible for the credential? 

Anyone seeking a career path in the hearth industry is eligible and welcome to take an NFI exam. While there is no experience 
requirement for testing, NFI does recommend that anyone testing has at least two years of experience in the industry. NFI ex- 
ams are offered by Hearth Patio & Barbecue Association (HPBA) regional affliates, National Chimney Sweep Guild (NCSG) 
chapters, industry manufacturers and distributors, and specialty trainers. Exams are also offered throughout the year at PSI 
computer test facilities and from the comfort and convenience of your own home or office through an online exam program. 


How is the credential earned and renewed? 

NFI Certification is based upon the successful completion of one of the four NFI exams. Each NFI exam is a closed-book, 
multiple-choice exam based on the recognized knowledge for planning and installing appliances. To prepare, applicants 
must study the current edition of the Hearth Systems Reference manual(s). Due to the constant changes in the industry, the 
manuals and the exams are updated on a regular basis. 

Each certification is valid for three years. A certification may be renewed by re-testing or by accumulating the appropriate 
number and category of continuing education units (CEUs), and paying a renewal fee. The requirements to renew a single 
certification by CEUs are 12 Technical CEUs, 4 Safety, Health & Liability (SHL) CEUs, and 8 Elective CEUs for a total of 
24 CEUs. If a Specialist has two or three certifications, they are required to earn 16 Technical, 4 SHL, and 12 Elective CEUs 
for a total of 32 CEUs. 


NFI Exam Development 

The National Fireplace Institute? (NFI) certification exams were and continue to be developed through a process based on 
national testing standards that include a job analysis, exam blueprint, exam validation, and scoring methodology. 

Job Analysis Study 

The role of a hearth planner/installer in residential hearth product installations was carefully analyzed by Subject Matter Ex- 
perts (SMEs) and hearth industry professionals who identified specific job tasks and areas of required knowledge necessary 
for safe and correct installations. Following the identification of job tasks and knowledge by SMEs, validation surveys based 
on the study were created and sent to over 8,000 hearth practitioners. The survey provided data that prioritized knowledge 
areas based on their relative importance to hearth products installation. 

Development of an Exam Blueprints 

The results of the industry survey provided a guide for determining exam content and appropriate percentages of questions 
in specific categories of job knowledge. An exam blueprint was developed for each certification. 

Content and Exam Production 

Specific questions relating to areas of performance, outlined in the job analysis study, were developed and written by indus- 
try subject matter experts who were trained by a consultant in exam question writing. Questions were then reviewed by the 
testing consultant for clarity and format and by industry experts for technical accuracy. Pilot exams with extra questions are 
administered. These over length exams allowed a final opportunity for review of every question. 

Passing Score 

Passing scores are determined through the modified Angoff Procedure, a nationally recognized method to set the score that 
distinguishes performance that indicates possession of knowledge needed for minimum competence. ‘The process involves 
subject matter experts reviewing the relative difficulty of each question and the performance statistics from the pilot over 
length exam. The psychometrician then processes a statistical calculation to determine the passing score. 

Credentialing and Recognition 

Each certified hearth professional passing their respective NFI exam is acknowledged by a certificate, a photo I.D., and a 
listing on the NFI website, www.nficertified.org. The NFI website is used by consumers, builders, and building officials to 
identify certified hearth installers nationwide. 
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Summary 
The need for a credible certification program can be summed up 


in two words: public safety. Hearth products, because they involve ASTM: American Society for Testing and 


Abbreviations 


flame, heat and venting of combustion products, require specialized Materials 

knowledge for planning and installing. The NFI exams are the only | HUD: US Department of Housing and Urban 
exams that test the knowledge needed to properly plan and install Development 

hearth products and their venting systems. TECC: International Energy Conservation Code 


‘The importance placed upon NFI by the hearth industry has been 
the key to its success. With the implementation of the NFI Advocate 
program in 2003, many of the industry’s largest manufacturers now 
recommend in their product operational manuals that their products = IMC: International Mechanical Code 
be installed by NFI Certified Specialists. These credible, comprehen- —_ JRC; International Residential Code 
sive certifications have successfully gained the recognition of building NEFGC: National Fuel Gas Code 


officials, legislative and regulatory agencies, and the general public. 
ao = oe 8 ' NFPA: National Fire Protection Association 


IFGC: International Fuel Gas Code 
IGCC; International Green Construction Code 


Cited References 

Since jurisdictions adopt versions of the codes on very different time 

schedules, we reference the latest edition of the code at the time of printing of this manual and the immediately previous one. 
The last two digits of the date indicate the year of publication of the code or standard: 99 is 1999; 09 is 2009. 


Knowledge Statements 

At the end of this manual is a list of knowledge statements that are related to the information covered in this manual. The 
list comes from Job Analysis of Hearth Installers/Planners. This study followed a formal process, including an industry wide 
survey, to identify the tasks that industry practitioners perform in their jobs and the knowledge needed to successfully carry 
out those tasks. 

The purpose of the job analysis is to help focus on important knowledge and to ensure that certification exams accurately 
reflect the knowledge needed to perform the job of a hearth system planner or installer. 

The Knowledge Statements indicate major references in this manual to each knowledge statement. The Index can be used 
to find and focus on a particular knowledge subject in the manual. It also will serve those who complete the certification 
exam in using the feedback report that identifies exam performance related to specific knowledge statements. In either case, 
it is important to understand that the referenced sections may be directly related to listed knowledge, or the information may 
be background material helpful in understanding concepts important to that aspect of job performance. In some cases, list- 
ed knowledge may be general in nature and therefore have broad coverage in the manual or they may be general knowledge 
expected as part of job experience. 


It is important to note that this manual is not intended to be used as a code or standard. 

‘This manual is intended for instructional purposes only. It is not meant to replace the proper installation, operation, or ser- 
vice manuals for any appliance, component, or venting system. Many state or local governing bodies have building and me- 
chanical codes that spell out mandatory rules for installation of hearth appliances and venting systems in the communities 
of their jurisdiction. Normally, these codes have the force of law, and they should be strictly followed. In some cases, local 
codes will differ from the information in these study manuals. 

The majority of residential hearth appliances and venting systems are safety tested and listed by recognized testing lab- 
oratories. In some jurisdictions, only locally approved products may be installed. For all listed appliances, the installation 
instructions provide the necessary details for the safe installation and operation of the appliance. They must be adhered to 
unless local codes dictate otherwise. 

In some jurisdictions, installation of a hearth appliance and venting systems requires a building permit. Where they are 
required, building permits should be obtained and the appropriate inspection conducted by the building inspectors. Some 
jurisdictions require that installation of hearth appliances and venting systems be performed only by an individual with an 
appropriate license issued by the city, state, or county building authority. 
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The age-old quest to keep the family hearth warm and inviting has only recently included fuel gases, Al- 
though the source of these fuels is ancient — most often assumed to be prehistoric organic matter captured in 
underground sediments and changed over long periods of time — their history as a commercial fuel is brief. 


Chapter 1| Gas Fuels 

Chapter 2 | Combustion Principles 
Chapter 3 | Gas Fuel Delivery 
Chapter 4 | Gas Piping Guidelines 
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Gas Fuels 


Natural gas use in the United States dates to the mid-19th century. Pipeline construction in the early and mid-20th century 
led to steady growth of natural gas usage. The energy crisis of the 1970's increased the prominence of natural gas. 
Liquefied petroleum gas (LPG) was used as early as the late 19th century, but extensive use began in the 1940's. LPG is used 
primarily in rural areas where piped natural gas is not available. 

Another gas fuel, liquefied natural gas (LNG), is being introduced in some areas as a result of rising energy prices that 
make it more economically viable. This fuel is transported and stored in its liquid state and mixed as a gas into line gas. Be- 
cause neither testing nor field reports clearly indicate currently the effects, if any, on hearth products, this fuel is beyond the 
scope of this manual. 

‘The use of gas as a fuel for the hearth had beginnings in the early 20th century, but popularity spread steadily after ear- 
ly improvements in log and flame appearance begun in the 1950's. By the early 1990’s realistic yellow flame technology, 
numerous log appearance options, increased heating efficiency, new venting technology combined with consumer life style 
choices for convenience signaled a meteoric rise for gas hearth appliances. In the first decade of the 21st century, technolog- 
ical advances have included more sophisticated gas valves developed for gas hearth appliances, as well as the introduction of 
condensing, high-efficiency gas hearth appliances. 

Considerable knowledge and expertise are called for in designing, installing, and servicing gas hearth systems, not only 
because of advances in technology, but also because of the nature of fuel gases. We begin with the foundation for all work 
with gas hearth systems: gas characteristics and combustion basics. We look next at methods and requirements for fuel de- 
livery and then at the fundamentals of gas piping systems. 

Natural gas and propane gas (the form of liquefied petroleum gas, or LPG, used in the hearth industry) are currently the 
predominant residential gas fuels. They are relatively consistent, predictable fuels. The introduction of liquefied natural gas 
(LNG) has begun recently, but neither testing nor field reports currently indicate clearly the different ways that this fuel is 
being introduced nor the effects, if any, on gas hearth products. For these reasons, our discussion will be limited to the tra- 
ditional gas fuels, natural gas and LPG. It is important to know each fuel’s characteristics. Safe installation, use, and service 
of the appliance, as well as for proper system performance is dependent on this knowledge. 

Both natural gas and propane have no color, have no odor (without additives), and are not toxic. The differences in com- 
position and characteristics between the two gases, however, are significant in their bearing on safety and performance factors. 


1.1 Composition 


Propane gas is made up of larger molecules that contain more hydrogen and carbon atom bonds to release energy as they break. 


H | H 
oe Sa 
H H H H 
Methane (natural gas) molecule (CH4 ) Propane molecule (C3H8) 
1 carbon atom, 4 hydrogen atoms 3 carbon atoms, 8 hydrogen atoms 


1.2 Characteristics 


‘The difference in molecular makeup results in important differences in the characteristics of the two gases. 


1.2.1 Specific Gravity 
Because natural gas is lighter than air, it rises when released into the atmosphere. Propane is heavier than air, however, so it 
tends to sink and seek the lowest areas in the appliance or the room. Consequently dissipation or removal time is longer than 
for natural gas, which rises on release. 

Specific gravity also affects the flow of gases through orifices (see Chapter 25) and in turn, the rating of burners. Signifi- 
cantly more natural gas than propane will flow through the same orifice size at the same pressure. Obviously, specific gravity 
must be taken into account in determining orifice sizes and burner input rates. 
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Specific gravity _ Minimum ignition temperature 
Specific gravity is the weight of a 
cettain volume of a substance com- 
pared to the same volume of anoth- 
er (reference) substance. In the case ne 
of gases, one cubic foot of the gasis 4.9 
compared to one cubic foot of dry 
air (at the same pressures and tem- : Natural gas — : = 
peratures). As the reference gas, air .64 specific gravity (lighter than 1150° 
is assigned the specific gravity of 1.0. | air: rises into atmosphere) 1120° 

Since a cubic foot of natural gas 
weighs from 4/10 to 8/10 (depend- 
ing on the makeup of the natural 
gas) of the weight of a cubic foot of 
air, we express the specific gravity of 
natural gas as 0.4 to 0.8. Code books 

_ and pipe sizing charts usually assign 
0.64 as a standard specific gravity, 


Natural gas 
0.4-0.8 


\ Natural gas 
: 1150° : 


Propane gas 
920°-1120° 


920° 
Propane 


1.52 

and this figure will be used for our 

purposes here. Propane is assigned a Propane gas 
specific gravity of 1.52. 1,52 specific gravity (heavier than 


air: sinks and pools) 


1.2.2 Combustion Characteristics 


Certain conditions must be met in order for fuel gases to ignite and burn properly. Those basic requirements, which differ 
significantly for natural gas and propane, include ignition temperature, fammability limits, and combustion ratio. 

1.2.2.1 Ignition Temperatures 

Sufficient heat must be supplied in order to begin combustion. Propane can ignite at temperatures as much as 230°F lower 
than ignition temperatures of natural gas. While the minimum ignition temperature of propane is 920-1,120°F, the min- 


imum ignition temperature of natural gas is 1,150°E. The heat source that ignites propane can be smaller or farther away 
than for natural gas. 


1.2.2.2 Flammability Limits 
The limits of flammability reflect the minimum and maximum proportion of fuel in the gas and air mixture that will support 
combustion. Either too little or too much fuel gas in this mixture will prevent combustion from taking place. 

With natural gas, the lower limit is 4% fuel gas and the upper limit is 14% fuel gas (percentage of fuel gas in the gas and 
air mixture). 

The lower flammability limit for propane is 2.15% and the upper ee = 
limit is 9.6%. The lower flammability limits of propane gas mean that Natural gas. 4.0% <——___ >» 14.0% 
it will ignite at a lower concentration of gas than natural gas. Smaller a He 
amounts of propane can result in unwanted combustion compared to 
amounts required for natural gas. 


1.2.2.3 Combustion Ratio 
‘The proper mixture of air and fuel gas can also be expressed as an air to fuel combustion ratio. The ideal air to fuel ratio for 
natural gas is 10 to 1, or 10 cubic feet of air to 1 cubic foot of fuel gas. For propane, the ratio is 24:1. 

Since propane gas has more hydrogen and carbon atoms (more energy content) than natural gas, it requires more air for 
complete combustion. Consequences of this characteristic include the requirement for larger air shutters for propane-burn- 
ing hearth appliances than on those burning natural gas. 


Propane 2.15% <———> 9.6% 
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1.2.3 Heat Value 

‘The additional hydrogen and carbon atoms in propane make 
it capable of producing more heat than natural gas from the 
same volume of gas burned at the same efficiency. Orifices 
for appliances burning propane are therefore smaller than or- 
ifices for natural gas burners. 


1.3 Gas Combustion Hazards 


Gas is a safe, convenient fuel if handled properly. Careless- 
ness and improper handling of natural and propane gases can 
result in fire, explosion, and/or asphyxiation. 

As discussed previously, today’s gases are non-toxic; how- 
ever, if the gas were to fill a living space (and thus remove all 
oxygen), occupants could be asphyxiated (suffocate). To pro- 
tect against undetected leaks, a safety odorant is added to the 
gas. The main ingredient in this safety odorant is mercaptan. 
The odorant yields a rotten egg odor. Propane has additional 
odorants that give it a slightly different smell. 


Natural gas 


mp 


1 CU. ft. Larger orifice 1,000 BTUs 


Propane 


So zp 


Smaller orifice 


1 cu. ft. 2,500 BIUs 


1.3.1 Propane Hazards 


Air to gas ratio 
Fuel Air 
(required for complete combustion) 
Natural gas 10 cu. ft. 


Propane gas 


OG 


aaa2a 


§b666666666 


6666666666666666666666666 


Propane is considered more hazardous than natural gas and requires more caution and care in its handling than natural gas 


because of the following hazard characteristics: 


¢ Propane has a higher specific gravity than air. Because propane is heavier than air, it falls and collects in the lowest areas 
of the appliance or room. Consequently, dissipation or removal time is longer than for natural gas, which rises on release. 
* Propane has a lower ignition temperature. ‘Ihe heat source that ignites propane can be smaller or farther away than for 


natural gas. 


° Propane has lower flammability limits. Smaller amounts of propane fuel can result in unwanted combustion compared 


to amounts required for natural gas. 


* Propane is stored under pressure. When released, considerable volume of gas may be involved. 
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Gas Fuel 


Summary of fuel gas physical properties 


Natural gas (methane) 

Chemical formula CH4 
Specific gravity (vapor) 64 
Boiling point (atmospheric) -260°F 
Ignition temperature 1,150°F 
Maximum flame temperature 3,568°F 
Flammability limits (upper) 14% 
Flammability limits (lower) 4% 
Ideal combustion ratio (air-to-gas) 10 to1 


Heat value per cubic foot (vapor) 


1,000 BTUs* 


*For purposes here — ranges from 950-1,150 


Propane 
Chemical formula 


Specific gravity (liquid) 


Specific gravity (vapor) 

Weight per gallon 

Boiling point (atmospheric) 
Ignition temperature 

Maximum flame temperature 
Flammability limits (upper) 
Flammability limits (lower) 

Ideal combustion ratio (air-to-gas) 
Heat value per cubic foot (vapor) 
Heat value per pound (liquid) 
Heat value per gallon (liquid) 


C3H8 

.509 

1.52 

4.24 \bs. 
“44°F 
920-1,120°F 
3595°F 
9.6% 

2.15% 

24 to1 air to gas 
2,500 BTUs 
21,591 BIUS 
91,690 BTUs 
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Principles of Combustion 


All of the different categories and types of gas hearth appliances share a common purpose of pro- 
viding heat and a view of the flames. The process that provides these results is combustion. Com- 
bustion, with reference to gas appliances, is the rapid oxidation of fuel gases accompanied by the 


production of heat and light. Understanding the process that takes place in the appliance is fun- 


damental to appliance safety and performance. 


2.1 Principles of Combustion 


Combustion triangle 


As with other fuels, three requirements must be present for combustion to take place: fuel, oxygen, and heat. If any one of the 
three is missing, combustion will not occur. If all three are available and in the proper amounts, combustion is self-sustaining. 

‘The gas appliances discussed in this manual use natural or propane gas as the fuel, air provides the oxygen, and the igni- 
tion or heat source is provided by a flame, spark, or hot surface igniter. It is the heat, or temperature, produced by the igni- 


tion device, not the flame or spark alone, which ignites the gas. 


2.1.1 Steps in Combustion 


In a simplified combustion process, the following steps occur: 

1. Hydrogen and carbon atoms of the gas come in contact with oxy- 
gen atoms. 

2. Heat is introduced to the mixture increasing the molecular speed of 
the gas and oxygen molecules. 

3. This high speed causes the molecules to collide with enough energy 
to break old bonds and form new ones. As this happens, the molecules 
release additional heat. This results in self-sustained combustion. 

4, The new products which are produced are carbon dioxide (CO2) 
and water vapor (H2O). 


2.1.2 Controlled Combustion 

Controlled combustion occurs when fuel and air are supplied at a 
proper rate; this assures complete burning in a steady flame. Explosion, 
on the other hand, is rapid burning with an improper supply of air and 
fuel; it is not under control, and excessive pressure builds up. 


2.1.3 Complete Combustion 
2.1.3.1 Heat 


Gas is ignited by heat, not necessarily with flame present. With the 
proper amount of oxygen available, natural gas ignites at about 1,150°F 
and propane gas ignites between 920—1,120°F (see Chapter 1). 

Heat Sources and Temper. atures 

* Electric spark (blue as with piezo spark): 1,700°F 

° Hot surface igniter: 2,400°F ° Butane lighter: 3,200°F 

* Stick match: 3,000°F * Cigarette: 600-800°F 


2.1.3.2 Air 

The oxygen necessary for combustion in gas appliances comes from the 
air surrounding the appliance (or from an inlet connected to the out- 
doors in the case of direct vent appliances). Air contains approximately 
20% oxygen and 80% nitrogen. Therefore, we also introduce nitrogen 


Combustion of methane and oxygen 


EP oy wai 


> Combustion: 


eacnc) <7 


Controlled and uncontrolled combustion 


ee. 


Controlled combustion Explosion 

4 Proper air-to-fuel ratio 3% Improper air-to-fuel ratio 
#£ Complete burning 

% Steady flame 


4 Complete burning 
4 Steady flame 


Combustion requirements and results: 
natural gas 


1 cu. ft. natural gas 


scc000cc0000 


10 cu. ft. air 
ignition heat 
| 2 11 cu. ft. 
a-aq- le 

1cu.f.  2cu.ft yiyly Lo ees 
carbon water 8 cu. ft. 
dioxide vapor nitrogen 
(C02) (H20) (N) 


*Does not include excess and dilution air that is involved in, 
but not changed by, combustion (discussed in Chapter 7). 


into the combustion process. Because nitrogen does not combine with any of the other elements, it is unaffected by combustion, 
and it appears in the combustion products unreacted. Complete combustion is possible only with an adequate supply of oxygen. 


2.1.3.3 Fuel 


For complete combustion of natural gas, two molecules of oxygen need to be mixed with one molecule of gas in the pres- 
ence of heat. When this happens, heat, carbon dioxide (CO2), water vapor (H2O) and nitrogen (N) are released. Approx- 
imately one gallon of water is produced for each 100,000 BTUs of gas consumed. 
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Principles of Combustion 


2.1.4 Incomplete Combustion 


Incomplete combustion is a result of inadequate amounts of oxygen in the air-to-fuel mixture. Conditions that can result in 
unwanted incomplete combustion include (individually or in combination): 

* Inadequate primary air from closing of the primary air shutter farther than recommended by the manufacturer or due to 
blockage of primary air openings resulting from poor maintenance. 

* Cooling of the flame by flames contacting logs in the appliance improperly (flame impingement). 

¢ Inadequate introduction of secondary air due to poor venting. Inadequate draft does not bring enough secondary air to 


the flame needed to complete combustion. 


Incomplete combustion not only results in poor appliance performance, odors, and a buildup of soot, but also may pro- 


Complete (left) and incomplete combustion 


Natural Gas Nawural Gas 
CH, cH, 

14%, 28H \ 17, sen 
ay 1y™ $e N Mee 7i* Fi 
ral 7 we 

(Of Air 108 Air 
Sen HEAT sain HEAT 
240, 1#0, 


Facts about carbon monoxide (CO) 

CO isa colorless, odorless, combustible, toxic gas. It isa 
product of incomplete combustion. When inhaled and 
introduced into the bloodstream through the lungs, the 
protein hemoglobin in the blood combines much more 
readily with CO than with oxygen (at a rate of 300:1). 
The replacement of oxygen with CO in blood results 
in varying degrees of cell suffocation, depending on the 
intensity and duration of exposure. Muscles and organs 
are deprived of the oxygen needed to sustain them. 


2.1.4.2 Aldehydes 


duce carbon monoxide (CO), a very dangerous gas. 


2.1.4.1 Carbon Monoxide 

A highly toxic gas, carbon monoxide is odorless, colorless, taste- 
less, and combustible (at high temperatures). Carbon monox- 
ide (CO) is a product of incomplete combustion. Carbon mon- 
oxide is a dangerous and highly toxic gas because it mixes with 
blood and reduces oxygen carrying capacity; 200 parts of CO 
in a million parts of air (ppm) can cause slight headaches, fa- 
tigue, and dizziness. Individual reaction may vary among peo- 
ple due to weight, age, smoker, and other factors, but it is well 
documented that very small amounts are dangerous. 

Effects of low level exposure over time are cumulative and 
can include organ and brain damage. Infants, elderly, and the 
infirm are more susceptible to the toxic effects. Symptoms of 
CO poisoning include flu-like symptoms, nausea, chronic fa- 
tigue, and generalized depression. CO poisoning can be diag- 
nosed through a blood test and treated. High levels of CO poi- 
soning can lead to collapse and death. 

The harmful effects of exposure to CO depend on: 
¢ CO concentration 
¢ length of exposure to CO 
¢ health, age, sex, and size of individual exposed. 


Aldehydes, chemical compounds that have a strong pungent odor, are produced in incomplete or interrupted combustion. 
Aldehydes result from flame impingement and through the presence of contaminated air in the combustion system. Lint, 
dust, hair, and the like contaminate the air supply and call for complete cleaning service. When the pungent odor of alde- 
hydes is present, carbon monoxide is also present. It is important to note, however, that odorless (and undetectable by smell) 
carbon monoxide can be present without the presence of detectable or noticeable aldehydes. 


2.2 Yellow Flame Combustion 


For non-hearth gas appliances, blue flame is standard. Yellow flame for those appliances, 
such as furnaces or water heaters, indicates inefficiency and problems that need attention. 
The hearth industry, however, has devoted considerable research and effort to produce an 
acceptably efficient and remarkably realistic (wood fire like) yellow flame. 

In general, the yellow flame is achieved by reducing primary air intake (where gas and 
air mix initially), and using secondary air (in the flame area) to complete combustion. 
Primary air is controlled by the air shutter: 

* More open, more air: blue flame 
° More closed, less air: yellow flame 


Primary and secondary air 


( Secondaryair 3 


Primary air 
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Manufacturer’s instructions about air shutter position must be followed carefully. Closing the air shutter more than the des- 
ignated minimum opening will result in incomplete combustion and the potential for dangerous carbon monoxide production. 

While yellow flame technology is not as clean burning as blue flame, gas hearth appliances meet appropriate ANSI standards. 
Some unvented gas hearth appliances use catalytic technology to improve efficiency and cleanliness of the burn. Correct instal- 
lation and adjustment of yellow flame appliances is critical to achieving the ideal balance of aesthetics and clean combustion. 


2.3 Heating Value 

‘The primary object of most combustion, of course, is heat. As a consistent and predictable fuel, gas is carefully supplied to 
appliances calibrated for a specific rate and amount of combustion. It is therefore important to understand the unit of heat 
value measurement and its applications. 


British Thermal Unit (BTU) 2.3.1 BTUs 
Heating value of natural and propane gases is measured in BTUs. A BTU 


ath oF wate 4 BTU ni nf wake (British thermal unit) is a measure of heat energy. A BTU is the amount of 
ee 70°F tS at 71°F energy required to raise the temperature of 1 pound of water (1 pint) by 1°F 
(at sea level). By way of comparison, the heat produced by one matchstick 


is equal to about 1 BTU. Appliances are rated at BTUs per hour. Ifa match 
burns in approximately 15 seconds, 240 matches would burn in one hour 
and produce the equivalence of 240 BTUs per hour. 


2.3.1.1 Appliance Input Rating 

BTUs are used to quantify appliance input and appliance output. Input is regulated principally by the main burner orifice, 
the type of fuel, and the fuel pressure. Input ratings are included on the appliance label. Incorrect inputs can cause serious 
problems. Underrating input can cause incomplete combustion, resulting in the release of aldehyde odors and/or carbon 
monoxide, Overrating input can cause appliance overheating and affect the safety of listed clearances to combustibles. No 
modifications should be made to appliances that are not authorized by the manufacturer's. 


2.3.1.2 Altitude Adjustment: Vented Appliances 

Lower air density at higher altitude necessitates derating vented appliance input (reducing input rating). The actual adjust- 
ment on the appliance involves replacing the factory-installed orifice with one with a smaller opening and adjusting (increas- 
ing) the air shutter opening. 

There are a number of approaches to determining the replacement orifice size. Manufacturers may include information 
on altitude adjustments, fuel suppliers may provide information, and sources such as the fuel gas codes provide guidelines. 
It should be understood, however, that the effect of altitude on burning gas fuels is a very complex subject that continues to 
be a subject of expert study. There are numerous variables that are involved that are beyond the scope of this manual and also 
beyond practical application. Our goal here, therefore, is to outline and comment on different approaches to and guidelines 
for derating appliances. 


2.3.1.2.a Appliance Manufacturers’ Instructions 

Instructions for derating appliances vary from manufacturer to manufacturer. Some manufacturers indicate in their in- 
structions a tested elevation, usually 2000 feet above sea level, but as high as 4,500, that does not require derating, and 
derating adjustments for higher elevations. (Other variations are no derating, but air shutter adjustment, for installations 
up to 6,000 feet, or high altitude models designed specifically for altitudes above 4,000 feet.) For appliances requiring 
derating adjustments, the first step may be calculation to determine the derated input at the higher elevation. The instruc- 
tions may include or reference a default derating method from the National Fuel Gas Code, also known as NFPA 54, for 
elevations above 2,000 feet, input ratings are reduced by 4% for each 1,000 feet above sea level.! For example, a 40,000 
BTU/hr fireplace installed at an elevation of 5,000 feet would be reduced by 20% (5 [thousand feet above sea level] x 
4%) to a rating of 32,000 BTU/hr if the manufacturer indicated calculation from sea level. Note, however, that while the 
National Fuel Gas Code (abbreviated in this manual as NFGC) calls for reducing 4% for each 1,000 feet above sea level 
(starting at sea level), some manufacturers’ instructions call for reducing 4% for each 1,000 feet above 2,000 feet (starting 


at 2,000 feet). Following these instructions (calculating from 2,000 feet above sea level), the 40,000 BTU/hr fireplace in 


1 NFGC-12, -09, -06: 11.1.2 2 
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the example above installed at an elevation of 5,000 feet would be reduced by 12% (3 [thousand feet above 2,000 feet] x 
4%) to a rating of 35,200 BTU/hr. Since there is conflict between these two approaches to calculation, it may be advisable 
to check with the appliance manufacturer. 

The next step in derating according to appliance manufacturers’ instructions also varies. Some call for performing the 
calculation and then consulting the fuel gas provider to identify the proper orifice size. Other call for calculation, but do 
not provide information regarding determining orifice size other than following fuel gas code requirements. In actuality, 
consulting with the fuel supplier is important because derating must take into account whether the fuel supplier has re- 
duced the heat value of the gas. 


2.3.1.2.b Fuel Gas Supplier 

As noted above, it is important to consult the gas provider about derating. This is true both because it is necessary to deter- 
mine if the heating value of the fuel has been reduced for high elevation and to get expert advice, when available, regarding 
hearth product performance at the elevation. 


2.3.1.2. National Fuel Gas Code 

A number of manufacturers reference the National Fuel Gas Code (NFPA 54) in instructions regarding derating for altitude. 
The National Fuel Gas Code, abbreviated in this manual as NFGC, provides tables and information about orifices in Appen- 
dix FE, which is for “informational purposes,” not part of the requirements of the code. The process of using the tables is more 
complicated than it may appear. Variables such as the appliance input rating, specific gravity of the gas, orifice coefficient, 
and the gas supply pressure must be known and factored in to determine an unknown orifice size. Even with a known ori- 
fice size, the table for equivalent orifice sizes at elevations from 2-10,000 feet may be problematic. This table indicates that it 
“includes 4% input reduction for each 1,000 ft above sea level.” As indicated earlier, however, some manufacturers reference 
the code, but call for derating 4% for each 1,000 feet above 2,000 feet. While NFGC recognizes derating in accordance with 
manufacturer's instructions? it still may be advisable to check with appliance manufacturers. 

2.3.1.2.d Effects of Derating 

It should be understood that derating means a reduction in the heat input/output of an appliance. The fireplace with an in- 
put rating of 40,000 BTU/hr at sea level is the equivalent of a unit with a derated input rating of 32,000 BTU/hr at 5,000 
feet. If heat output is a major concern of a customer, or if a heat loss calculation calls for a specific heating capacity, the de- 
rating calculation can be used to determine approximately what input rating is needed. For example, if the goal at a 5,000 
feet installation is 40,000 BT U/hr, it will be necessary to calculate what factory input rating is the equivalent: the derating 
% (here 5 x 4% = 20% or .2) is subtracted from 100% (80% or .8), which is divided into the sea level rating (40,000 + .8 = 
50,000). It would be necessary to select a 50,000 BTU/hr factory input rated appliance to be able to provide heat equivalent 
to that produced by a 40,000 BTU/hr input rated appliance at 5,000 feet elevation. 

2.3-1.2.e Observation and Experience 

‘The complexity of manufacturer and code instructions may result in the necessity of getting assistance from the appliance 
manufacturer and the fuel gas supplier. The complexity of the interaction of appliance, fuel, and atmosphere always calls for 
appropriate testing and observation after the derating process. Appliance startup and flame characteristics should be checked 
carefully by a knowledgeable technician to ensure proper performance. Combining effective consultation, thorough under- 
standing of issues involved, and careful field observation can make the process of derating less daunting. 


2.3.1.3 Altitude Adjustment: Unvented Appliances ' 
Unvented appliances are not subject to derating. The appliance manufacturer may limit | Comparison of approximate 
installation to less than 4,500 feet above sea level, or note that installations above this eleva- — heating value of a cubic ft. 


tion may be subject t i i i 
y be subject to nuisance outages and require frequent maintenance. Natural gas 1,000 BTU 


2.4 Gas Combustion Hazards Propane gas 2,500 BTU 


Gas is a safe, convenient fuel if handled properly. Carelessness and improper handling of Sutee aie0u STU 


natural and propane gases can result in fire, explosion, and/or asphyxiation. 

As discussed previously, today’s gases are non-toxic; however, if the gas were to fill a living space (and thus remove all 
oxygen), occupants could be asphyxiated (suffocated). To protect against undetected leaks, a safety odorant is added to the 
gas. The main ingredient in this safety odorant is mercaptan. 


2 NFGC-12, -09, -06: 11.1.2(3) 
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Fuel Gas Delivery 


Gas appliances depend on a consistent amount of a uniform fuel being available for proper performance. Our knowledge 
of gas characteristics makes it clear that fuel gas delivery system must take into account factors such as the specific gravity 


of the fuel gas. 


We look here at how gas pressure is controlled at various stages in the delivery system and finally at the appliance for 
predictable performance. We look first at natural gas delivery systems and then at propane. 


Recovery and distribution of natural gas 


Air/propane mix (may 
be added during high 
demand periods) 


Gas processing plant 
(cleans, compresses, 
separates hydrocarbons) 


J 


Second stage 
pressure 
reduction 


Gas valve pressure 
regulator 3.5" WC 


3.1 Natural Gas Distribution 


Of all the natural gas produced in the United States, 
80% comes from gas reservoirs, and 20% comes 
from oil wells. Since most natural gas fields are locat- 
ed far from major consumption centers, the gas must 
be transported. 

Pipelines with large diameters transport natural 
gas in its gaseous state. By pressurizing these pipe- 
lines, gas is transported over thousands of miles. 


wee wee ew eee enn, 
ame ewe enw nent 


(60-1/4 psi) Pipeline diameters and pressures may be as large as 
42 inches in diameter and under as much pressure as 
1,500 pound per square inch (psi) pressure. Because 
of friction and subsequent pressure loss, the pressure 


is boosted at regular intervals. Compression stations 


First stage pressure 


Well] _ reduction (4500-200 psi) eek we are located about every 60 miles. These compression 
(or 2 psi in high stations allow for a constant flow rate in the pipeline. 
ee (old gas wells) ‘cleremanes e) Piped gas is often stored in depleted gas and oil reser- 


voirs near the consumption site or by the creation of 
artificial gas fields in aquifer layers. 

Where pipelines become impractical (due to trans-oceanic locations), natural gas is liquefied by refrigerating to minus 265°F 
and transported by ships especially designed for this purpose. These ships use double-walled tanks with special insulation. 


3.1.1 Natural Gas Residential Pressure 
When gas reaches local consumption points, its pressure is reduced in a series of stages. Service line pressure to a residential 
dwelling is usually between 60 and 1/4 psi pressure. Usually, before the gas enters the dwelling, a pressure regulator further 
reduces the pressure to 7 to 11 inches water column (WC). There are 28" WC in one psi. 

An increasing number of locations use 2 psi, in which the gas enters the dwelling at 2 psi and then is reduced to 7" WC 
prior to entering the appliance. In some jurisdictions, identification of the system as 2 psi is required if that is the pressure 
entering a residence. One good indicator of a high pressure system is a pressure regulator in the supply line prior to an ap- 
pliance. It is important to identify 2 pound systems and make 
sure that pressure is reduced upstream of the appliance control 
valve to avoid damaging the valve. 

For both traditional and 2 psi systems, final reduction takes 
place at the combination gas valve pressure regulator on the 
gas appliance where pressure is reduced to 3.5" WC before the 
gas reaches the burner in the appliance. 

During high peak demand periods, gas companies may 
add a combination of propane and air to the natural gas 
(known as spiking) to meet consumption requirements. 


Propane tank Regulator 


10-15 lbs. 


3.2 Propane Storage And Distribution Heat 


Propane is extracted from both oil and natural gas. This ex- 
traction process is done by separating and condensing the 


heavier hydrocarbons into a liquefied state. 
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3.2.1 Transport and Storage 


Propane is transported and stored in pressure vessels. Propane is a liquefied gas and when 
stored in a closed container, it pressurizes the container and exist within itin both liquidand — Regulator. 
vapor forms. It is much easier to transport in liquid form, and when it is vaporized to the 
atmosphere, it expands to 270 times the volume it occupied as a liquid. The boiling point 
of propane is -44°F, so it vaporizes when released to the atmosphere at any temperature 
greater than that. Large rail cars and truck cargo tankers deliver propane to “bulk plants,” 
which are retail storage and distribution facilities. From there, propane can be pumped into 
portable cylinders (from 1 lbs. to 420 Ibs. propane capacity) or distributed by bulk trucks 
to stationary tanks installed at customer sites. A typical residential storage tank can be 250 Heat 
to 1,000 gallons in capacity. 


100 lb. propane cylinder 


3.2.2 Residential Storage Containers 


Propane inside a container is in two states of matter, liquid and vapor. The liquid portion 
occupies the bottom of the container, and the vapor is in the space above the liquid. Pro- 
pane storage containers are normally filled to 80% of liquid capacity so that there is room for vapor expansion due to tem- 
perature increases. ‘The pressure of the vapor in the tank stops the boiling process when the vapor reaches its equilibrium 
pressure with respect to the ambient temperature surrounding the storage container. 

‘The vapor pressure within the storage container is predictable, and rises as the ambient temperature rises above the boiling 
point of propane as shown in Table 1 below. When vapor is released, the pressure drops, so boiling and vaporization resume 
until the pressure increases to stop the process. 

Propane storage containers absorb heat from the outdoors, but only through the portion of the container that is bathed in 
liquid propane. This is known as the “wetted surface”. The greater the liquid level in the tank, the greater the wetted surface. 
Additionally, larger tanks have a larger potential wetted surface. Both the amount of wetted surface and the ambient tem- 
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Table 1: Approximate vapor Table 2 

pressure of LP-gases at Lbs. of propane Maximum continuous draw in BTU per hour at 

various temperatures in cylinder various temperatures in degree (F) for a 100 lb. tank - 

Temperature § Vapor pressure 0 ° 

: o°F 20°F o°F 0°F 0°F 

(Fahrenheit) (PSIG) ot g ch 

Aa 100 113,000 167,000 214,000 277,000 300,000 
= — 90. 104,000 —_ 152,000 200,000 247,000 277,000 
55 a 865. 94,000 137,000 180,000 214,000 236,000 
a : re 7O 83,000 122,000 160,000 199,000 214,000 

= Se 60 75,000 109,000 ~—‘:140,000 176,000 ~—- 192,000 
=e =e 50 64,000 94,000 125,000 154,000  — 167,000 
40 55,000 79,000 105,000 131,000 141,000. 
20 40.8 ? 2 3 : : 
a re 30 45,000 66,000 85,000 107,000 118,000 
a PE 20 36,000 51,000 68,000 83,000. —-92,000: 
: 10 28,000. ~—- 38,000 ~—-—« 49,000 60,000. ~—- 66,000 

50 77.1 oe 
60 92.5 _ As Table 1 shows, the propane vapor pressure inside the storage container can approach 


_ 200 psi on a hot day. This is much higher than the appliance utilization pressure of 11" WC 


ig 109.3 _ (less than 1/2 psi) and must be reduced prior to entering the appliance. Pressure reduction 
80 128.1 is accom plished through the use of one or more regulators, 
90 149.3 | sa | | 

100 172.3 

140 197.3 
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perature affect the vaporizing capacity of the pro- 
pane storage container. 

On cold days, particularly when the tank is low 
on propane (or if the tank is too small for load de- 
mand), the vaporizing capacity of the tank may not 
equal the BTU capacity of the hearth appliances. 
Table 2 shows how both the ambient temperature 
and the wetted surface affect the maximum vaporiz- 
ing capacity of a 100 lb. 


3.2.3 Residential Propane Gas Pressure 


Propane is typically delivered from a storage tank to 
a residential building through copper tubing, iron 
or steel pipe, polyethylene (plastic) pipe, corrugated 
stainless steel tubing, or other approved materials. Lo- 
cation and size of the tank must meet requirements 
that include distance from the house, property lines, 
air intakes, and sources of ignition. The requirements 
differ for below and above ground tanks. 

The pressure from the tank (between 23 PSI at 
O°F and 160 PSI at 95°F) must be reduced to house 
pressure, usually 11-14" WC (1/2 PSI or less), for 


distribution through the building piping system and for use in the appliance. For most fixed piping systems that serve residen- 
tial appliances, this pressure reduction must be done in either two or three stages.’ 


3.2.3.1 Two-Stage Regulator System 


‘There are two types of two-stage regulator systems used to reduce propane storage tank pressure to residential pressure. One 
system uses two separate regulators; the other combines the two regulators in a single device. The type of system used, typi- 
cally determined by the propane supplier, depends on appliance load, piping length, and pipe size. An additional regulator 
in the gas valve at the appliance provides appliance pressure, typically 11" WC, but some gas hearth appliances are set up for 
10" WC manifold pressure (pressure measured between the appliance control valve and the burner). 


3.2.3.1.a First Stage and Second Stage Propane Regulators 

In this type of two-stage system, a first-stage first-stage or high-pressure regulator, located at or near the tank, reduces tank 
pressure to 10 psi or less. The second-stage second-stage or low-pressure regulator, located prior to the building, reduces this 
pressure to house pressure, approximately 11-14" WC. 


3-2.3.1.b Integral Two-Stage Propane Regulator 


Propane gas recovery and distribution 


Processing plant 
(fractionization by distillation) 


Liquid 
delivered 
Absorption by truck 
oil & 
condensate 


Gas valve pressure 
regulator (10-11" WC) 


Liquid transported by truck or rail 
Liquid storage dwelling site 


First-stage pressure regulator (10 psi or 
less) or integral two-stage pressure regulator 
(1 psi to 10-14" WC)* Second-stage pressure 


regulator (10-14" WC) 


* Or 2 psi regulator system: first stage regulator to 2 psi service regulator 
to line pressure regulator. See 3.2.3. 


An integral two-stage regulator (also known as a twin-stage regulator), is a single device, located at or near the tank, that 
combines a first-stage regulator and a second-stage regulator in a single unit. The first-stage pressure regulator is typically 


set to reduce tank pressure to 10 PSI, and the second-stage regulator reduces that pressure to house pressure, approximately 


11-14" WC. 
3.2.3.2 Two PSI Propane Regulator System 


The 2 PSI system reduces tank pressure to house pressure in three stages. A first-stage regulator, located at or near the tank, 
reduces tank pressure to 10 psi or less. A 2 PSI service regulator, located prior to the building, then reduces first-stage outlet 
pressure to approximately 2 PSI. A line pressure regulator inside the building prior to an appliance or a manifold serving 
multiple appliances, reduces pressure from 2 PSI to approximately 11-14" WC. 


1 NEPA 58-11, -08: 6.8.2 
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Gas piping to supply fuel to appliances involves numerous considerations of materials, protection, sizing, locations, controls, 
pressure, sediment, and more. Certainly no one unfamiliar with any of these considerations, as well as with manufacturer 
and code requirements, should attempt sizing or installing gas piping. With the recognition that imparting thorough knowl- 
edge of the subject is beyond the scope of this manual, the presentation here is intended to begin, but not to complete, the 
process of understanding gas piping, primarily to help evaluate piping systems and connections for their appropriateness 
for gas hearth appliances. As this starting point, brief descriptions of some of the major considerations in gas piping are pre- 
sented. Most code jurisdictions require special licenses or other specified credentials for gas piping work. The requirements vary 
widely across jurisdictions. No gas piping installation or connections should be made by a technician without proper, recognized 
credentials, The material presented here does not constitute adequate information to perform gas piping installation. 


4.1 Materials 


Specification and prohibition of different piping materials and their connection methods are code considerations. For in- 
stance, some local codes may prohibit use of certain flexible connectors. Some manufacturers of corrugated stainless steel 
tubing require technician certification before purchase. 


4.2 Location 


The primary considerations of location of gas piping involve maintaining the integrity of the pipe. The fuel gas codes and 
other sources outline required protection against such possible damage as vehicular traffic, digging or cultivation, foundation 
settling in unstable soil, corrosion, and freez- 
ing. Additionally, codes may prohibit piping 
in some locations such as circulating air ducts, 
chimneys or gas vents and define concealed 
spaces where pipe joints are prohibited.' 


Understanding grounding and bonding 


To reduce confusion about these terms, we can start with basic electricity: 
¢ In order for electricity to flow, there has to be a complete circuit for 
the current to go out and return to the generating source. 
4.3 Grounding and Bonding ¢ The electrical current needs a driving force, which is the difference in 
voltage between two points, known as potential difference or potential. 
* Electricity cannot flow if there is an incomplete circuit or if there is 
no difference in voltage between two points of its path. 
* Electricity flowing to the ground has no opportunity to return to the 
source, so it has zero electrical potential. 

Grounding is the act of making an electrical connection to the ground 
(earth). Typically, a green ground wire is run from the electrical panel to 
each piece of equipment to ensure that, in case of a fault, there is anoth- 
er path for the electricity to return to the panel and to ground (earth). 

Bonding is simply the act of joining two electrical conductors togeth- 
er, whether they are wires, wire and a pipe, or two pieces of equipment. 
Bonding is essentially connecting the grounds of different equipment 
and circuits. The purpose is to make the two be at the same electrical 
potential. This would mean avoiding electricity building up in one or 

_ between both, and that no current flow can take place between two. 
bonded bodies because they have the same electrical potential. The pri- | 
mary reason for bonding is preventing someone touching two pieces of 

equipment at the same time from receiving a shock by becoming the | 
path of equalization from equipment at different potentials. In addi- 
tion, bonding helps create a low impedance path back to the source, 
which will force a large current to flow, which i in turn will cause the 


While the subject of protection of utilities, 
equipment, property, and life through prop- 
er grounding and bonding of gas piping is be- 
yond the scope of this manual, it is important 
to note that these subjects are under scrutiny 
by code bodies and piping manufacturers and 
are subject to change and interpretation. Both 
grounding and bonding of gas piping should 
only be undertaken by qualified technicians 
with approved credentials. 

Grounding is the process of making an elec- 
trical connection to the general mass of the 
earth. The electrical codes spell out the details 
of electrical grounding, but the fuel gas codes 
also make clear that gas piping must not be 
used as a grounding electrode’ or grounding 
conductor.’ Instead, each above-ground por- 
tion of a gas piping system other than CSST 
that is likely to become energized must be elec- 
trically continuous and bonded to an effec- 
tive ground-fault current path. The gas piping 


(other than CSST) is considered to be bonded breaker to trip. 


1 NFGC-12, -09, -06: Chapter 7; NFGC-02: Chapter 6; NFGC-99: Chapter 3; IFGC-12, -09, -06, -03, -00: Section 404 
2 NFGC-12, -09: 7.13.3, -06: 7.13.2; IFGC-12, -09, -06: 309.1 
3 NFGC-12, -09, -06: 7.13.3 
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when it is connected to appliances with electrical components that are connected to the appliance/equipment grounding 
conductor of the circuit supplying that appliance.‘ 

For CSST, the 2009 fuel gas codes require these piping systems to be bonded to the electrical service grounding electrode 
system at the point where the gas service enters the building.> The 2012 fuel gas codes, however, specify that the bonding 
jumper must connect to a metallic pipe or fitting between the point of delivery and the first downstream CSST fitting.° Also, 
gas piping systems that contain one or more segments of CSST shall be bonded in accordance with these requirements.’ The 
bonding jumper must not be smaller than 6 AWG copper wire or equivalent. Black jacketed CSST products listed to ICC- 
ES LC 1024 CSST Utilizing a Protective Jacket may not require or include in their instructions the direct bonding that is 
required with standard (yellow) CSST. Local codes, however, must be followed. 

Bonding is the permanent joining of metallic parts that ensures that an electrical continuity between such parts. Where 
grounding ensures electrical connection to the earth, bonding requires that the path to the ground be complete. Until re- 
cently, the primary issue in bonding was protection from electrical shock. Another issue, lessening of damage from light- 
ning strikes, has emerged. As a result, extraordinary bonding requirements have been added to a number of manufacturer's 
instructions for corrugated stainless steel tubing (CSST). It is therefore extremely important to review bonding instructions 
and to consult with local code authority when assessing or working with CSST. For copper and rigid steel pipe, it is also im- 
portant to consult with local code authority if questions about bonding arise. 


4.4 Gas Pipe Sizing 
Since the size and length of the piping through which gas flows affect the pressure and volume of its flow, piping size affects 
appliance performance. The objective in sizing is a system that provides enough gas to meet maximum demand without an 
unacceptable loss of pressure between the point of gas delivery and the appliance. 

Factors that play a role in sizing include: 

1. Allowable loss of pressure from point of delivery to equipment 

2. Maximum gas demand (from total of appliance input ratings) 

3. Length and type of piping and number of fittings 

4. Specific gravity of the fuel gas 

Actual sizing calculations involve use of sizing tables, calculation wheels, or computer programs. We include a look at the 
use of sizing tables here as an introduction to the concepts involved in pipe sizing. Piping manufacturer’s sizing methods 
may vary. Many jurisdictions require special licenses for gas pipe installation. Gas pipe sizing and installation should only be 
performed by legally qualified, knowledgeable technicians. 


4.4.1 Longest Run Method 
‘The longest run method uses tables to determine minimum gas pipe size for each segment of a gas pipe system based on: 
1. Proper gas system pressure (minimum expected pressure and allowable pressure drop) should be verified with gas suppli- 
er what the delivery pressure and allowable drop for the system. 
2. Type of gas (specific gravity) 


3. Maximum required input for all appliances and for each 


appliance (BTU/hour) ee es sas ee eee at ee 
4. Overall length from meter to farthest appliance hele cone : 
=5 ft. s E= 5 ft.s 7 
5. Kind of pipe s 
Example: Natural Gas (0.60 specific gravity), gas pressure Water heater = | 
0.5 psi or less, allowable pressure drop 0.5 inches water col- Furnace 30,000 BTU _ Gas fireplace 


60,000 BTU 40,000 BTU 


umn, schedule 40 metallic pipe (nominal iron pipe) 

1. Select appropriate sizing table from the piping manufac- 
turer or a source like the fuel gas codes. The example here is 
schedule 40 iron pipe, commonly known as black Pipe. 


4 NFGC-09: 7.13.1; IFGC-09: 310.1 

5 NFGC-12, -09: 7.13.2; IFGC-09: 310.1.1 
6 NEFGC-12: 7.13.2; IFGC-12: 310.1.1 

7 NFGC-12: 310.1.1; IFGC-12: 7.13.2 
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Pipe size (inch : 3 
: oe 
0.5 in. we. 

pectic Gravity 
Piping Material | Schedule 40 Metallic ee 


ttt ES SS SS 
2.469 3.068 a 
Length (ft 
10 | ae] 30078] 7,980 | 2000 [4020 | 6400 | 11,300 | 23,100_| 
P0899 874 7681150 | 2.220 | 3,530 | 6,250 | 12,700- | 
Nene ee ee ent ee 
eo 8s is sr rat 1,520 4,290 8,760 
70 Pe 80 at bo ase ge 000 2h (1 A00 ts 2.280 =| 9060 eT 
pe BOS TE es 0 fe FF 1,000 2000 f8. GPO 7 aa 
pe OO A SRO ee 20% fo ARs Por 68S F220 et BS Pe ASO 0 
| at UT 8ST 582 1,020 | 1,630 | 2690 | 5,890 | 
SSE F's Sis vere Retin SRR RSS CE Ly SE ee Se ee 
i AT Si A a see ee At 
Ee SO pe OD fe OS De AA eee 0B sf 08 ee 1 ee, bee 
bo S00 ar SR Pe 08 Pet SS ee 1 0o0 hs 80d eee 
ee SO aa a 0a 0 S05 he O00 i SS ere 
a OO OY OP TO 8 AB Be 1 a 


2. Calculate distance from meter to farthest appliance: 20 (A trunk) + 10 (B trunk) + 30 (C trunk) = 60 feet* 
*use this number for longest length in sizing table 
3. Determine total load, sum of all appliance inputs: 80,000 (furnace) + 36,000 (water heater) + gas fireplace (28,000) = 
144,000 BTU/hr 
4. Convert total load BTU to cubic feet per hour: Natural gas contains 1000 BTU per cubic foot of gas. To calculate the 
number of cubic feet of gas needed, divide 144,000 (BTU/hr) by 1000 (BTU/ cubic foot) = 144 cubic feet per hour 
TrunkA 
5. Determine size for trunk that has to supply all appliances, here A: 
¢ Find the row for the longest run in the system, 60 feet. 
¢ Go across the row until you finda capacity at least 144. Since 137 is not adequate, go to the next larger capacity, 257. 
¢ Follow that column to the top to determine the nominal pipe size, here 1 inch. 
Segment A must be at least 1” nominal iron pipe. 
Trunk B 
6. Trunk B must serve the water heater and the gas fireplace. 
¢ Determine the load for this run: 36,000 (water heater) + 28,000 (fireplace) = 64,000 BTU/hr. 
* Convert 64,000 BTU to 64 cubic feet. 
° In the 60-foot row (use distance from meter to farthest appliance for all calculations), find a capacity at least 64 cubic feet 
(actual 65). 
* Follow that column to the top to determine the nominal pipe size, here 1/2 inch. 
Segment B must be at least 1/2” nominal iron pipe. 
Segment C (single appliance) 
7. Segment C must serve the gas fireplace. 
¢ Determine the load for this run: 28,000 BTU/hr. 
* Convert 28,000 to 28 cubic feet. 
* In the 60-foot row (use distance from meter to farthest appliance for all calculations), find a capacity at least 28 cubic feet 
(actual 65), here 1/2 inch. 
Segment C must be at least 1/2” nominal iron pipe. 
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Branch D (single appliance) 


8. Branch D must serve the furnace. Summary: example 
° Determine the load for this run: 80,000 BTU/hr. Segment Load delivered Length Longest Pipe 
* Convert 80,000 to 80 cubic feet. description by section run size 
° In the 60-foot row (use distance from meter to ap- eis 
pliance for all calculations*), find a capacity at least 80 A Trunk 144 20 feet 60 feet 1" 
cubic feet (actual 137), here 3/4 inch. i Brunk 64 re ae 
Segment D must be at least 3/4” nominal iron pipe. 

scare Set aun Oe seams eee nate Ta 
9. Segment E must serve the water heater. D Run to furnace 80 10 feet 6ofeet 3/4" 
¢ Determine the load for this run: 36,000 BTU/hr. 

ERuntowaterheater 36 10 feet 60 feet 1/2" 


° Convert 36,000 to 36 cubic feet. 
¢ In the 60-foot row (use distance from meter to far- 
thest appliance for all calculations*), find a capacity at least 36 cubic feet (actual 65), here 1/2 inch. 
Segment E must be at least 1/2” nominal iron pipe. *Note: piping manufacturer's instructions may vary for these segments. 
Keep in mind that piping added to a trunk for a new appliance calls for assessing the upstream portion of that trunk as 
well as the pipe that feeds that trunk. If any of the upstream portion of the pipe is smaller than the pipe needed for the new 
appliance, that pipe must be replaced. 
Other variations in using the longest run method include: 
* Propane: sizing tables are given in thousands of BTU per hour, not cubic feet per hour. 
° Different piping materials (copper, CSST, etc.): use different tables and in some cases, different sizing instructions 
* Manifold systems: use the same methodology, but the run to the manifold is calculated and then segments to each appliance. 
¢ Two pound systems: use different tables. 
Understanding pipe sizing can be helpful in troubleshooting. In a situation where appliance flame is improper and an in- 
put pressure test reveals a problem, a process of elimination can include: 
* service regulator (service provider's responsibility) 
* turning on all appliances at once to test effect on fireplace flame 
° checking piping size 
* checking for piping blockage. 


4.5 System Leak Detection 


The fuel gas codes call for inspection, testing, and purging piping installations in detail beyond the scope of this manual.® 
In general, when piping connections are completed and before appliances are installed, the piping system should be checked 
for leaks bya knowledgeable, qualified technician. Such a qualified technician would perform procedures such as: 

Pressure test. Most codes require an air pressure test before loading the piping with fuel. The pipe system is purged of 
fuel gas (see below), plugged on both ends, and pressurized with air (or nitrogen or carbon dioxide) to a prescribed test pres- 
sure and for a prescribed time duration. (Valves that might be damaged under abnormal pressure are isolated.) Any drop 
in pressure indicated by a pressure gauge used in the test reveals the presence of leakage that must be located and corrected. 

Location of leak. Indicated leakage is located by use of an electronic sniffer or by means of an approved gas detector, a non- 
corrosive leak detection fluid, or other approved leak detection method. Open flame or other methods that could provide a 
source of ignition should not be used. Gas detector alarms to indicate leakage include blinking display, audio indication, or 
vibration. Bubbling solutions indicate leakage. The affected portion is repaired or replaced. ‘The piping system is then retested. 

Purging. Displacing air or an inert gas in piping with fuel gas to put the appliance in operation is a process that must be 
undertaken by qualified technicians with great caution and thorough knowledge of current guidelines and requirements. In 
response to field incidents, the fuel gas codes have been under review and have been rewritten to be more prescriptive, with 
new emphasis on outdoor discharge, very limited and specific indoor purging, and use of gas detection instruments.? Any 
significant combustible mixture must not be released in a confined space and preferably is released outside. The point of dis- 
charge is never left unattended during purging. 

8 IFGC-12, -09, -06: Section 406; NFGC-12, -09, -06: Chapter 8 
9 NFGC-12: 8,3; IFGC-12; 406,7 
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Documentation. Leak testing should be performed by a qualified technician for every new fitting and for each time a 
fitting is disturbed. It is important to have and follow a leak testing documentation procedure and policy. 


4.6 Excess Flow Protection 


If a gas line is ruptured significantly, disconnected improperly, or subjected to significant seismic activity, hazardous leakage 
conditions may follow that can lead to fire and/or explosion. Automatic shutoff and excess flow valves are used to protect 
against uncontrolled gas fow in such circumstances. Installation and any required re-setting of these valves should be per- 
formed by a qualified technician. . The fuel gas codes call for excess flow valves, where installed, to be listed for the applica- 


tion and sized and installed according to manufacturer’s instructions.’° 


4.6.1 Excess Flow Valve 

One type of valve is the excess flow valve. An excess flow valve may either shut off the gas flow completely or reduce the flow 
to a specific bypass flow rate. The bypass flow rate is used to automatically reopen the valve if there is no significant leakage 
downstream of the valve after an event or it the line has been repaired. Under normal conditions, these valves remain open, 
allowing gas to flow at normal gas line flow rates. In the event of a significant overpressure event, gas line rupture, or discon- 
nection that causes excessive gas flow downstream from the valve, the excess flow valve automatically activates. 

Some excess flow valves are designed to be positioned upstream from (ahead of) each flexible appliance connector, while 
others are designed to be positioned downstream of (after) the gas meter to protect against failure of the entire system. Some 
of these valves are gravity dependent and must be installed vertically, while others are not and can be installed horizontally 
or vertically. Excess flow valves are available for both propane and natural gas lines. These valves do not protect against slow 
leaks such as those caused by corrosion or loose fittings. 


4.6.2 Earthquake/Seismic Shutoff Valve 

This type of automatic shutoff valve shuts off gas service when an earthquake of sufficient magnitude is detected at the gas 
system site. These valves must be reset after such events. Gas providers may recommend inspection and resetting by a qual- 
ified technician after inspection of the system and before relighting pilot flames. 


4.7 Gas Piping Connections 


The fuel gas codes make some distinctions in the connection of the gas piping system to decorative hearth appliances. We 
cover piping connection issues that are, for the most part, now consistent in the two gas codes. Requirements for piping sys- 
tem connections may vary in local jurisdictions. 


4.7.1 Appliance Shutoff Valve 

Both the NFGC and IFGC (1999-2012) call for gas appliances to have : 
shutoff valves installed upstream of the appliance connector."’ Code fur- Shutolt valve otauen S- 
nished commentary makes it clear that the purpose of these manual appli- 

ance shutoff valves is to isolate the appliance for servicing, removal, or re- 
placement without shutting off the gas supply to other appliances. 

For non-fireplace appliances, both codes require the appliance shutoff 
valve to be accessible and to be located within 6 feet of the equipment it 
serves.'* Both codes also allow location of the shutoff valve for certain fire- 
place type appliances in an area remote from the appliance if the valve is: 

° provided with ready access 
¢ permanently identified 
¢ serves no other equipment. 
And both require that the piping from the shutoff valve must be treated and sized as piping, not connector, to within 3 


10 IFGC-12: 410.4; NFGC-12: 5.13 

11 NFGC-12, -09, -06: 9.6.4.1, NFGC-02: 8.5.4, NFGC-99: 5.5.4; IFGC-12, -09: 409.5.1, IFGC-06, -03, -00: 409.5 
12 NFGC-12, -09, -06: 9.6.4, NFGC-02: 8.5.4, NFGC-99: 5.5.4; IFGC-12, -09, -06, -03, -00: 409.5 

13 NFGC-12, -09, -06: 9.6.4.2; IFGC-12, -09, -06, -03, -00: 409.5 
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feet (IFGC-03 and -00 only) or 6 feet of the approved fireplace type appliance." The fuel gas codes vary, however, in the 
types of fireplace appliances that are covered as fireplace equipment by this provision. 

NFGC allows remote locations for appliance shutoff valves for appliances installed in vented fireplaces and ventless fire- 
box enclosures.’° It would appear that this applies only to gas log sets, regardless of whether they are vented or unvented, but 
not to gas fireplaces. 

In its 2000-2006 editions, IFGC specified vented decorative appliances and decorative appliances for installation in vent- 
ed fireplaces as allowed to be installed with shutoff valves in remote locations." It is clear that remote locations for shutoff 
valves would be allowed for vented gas fireplaces (ANSI 221.50) and vented gas log sets (ANSI Z21.60), but not for any 
unvented hearth appliance (ANSI Z21.11.2). It is somewhat less clear whether or not this would include gas fireplace heaters 
(ANSI 221.88), but this was clarified in the 2009 and later editions with the revision that includes vented decorative appli- 
ances, room heaters and decorative appliances for installation in vented fireplaces.!” Consult local code authorities as needed. 

The fuel gas codes also recognize another situation where a shutoff valve can be in a location remote from the appliance: 
when a shutoff valve is installed at a manifold (a piping distribution device that allows multiple separate runs of Pipe to feed 
from a single pipe) within 50 feet of the appliance.'® The valve must be readily accessible and permanently identified. Man- 
ifolds are commonly used with corrugated stainless steel tubing (CSST). 

NFGC and IFGC also allow equipment shutoff valves to be located in fireplaces. NFGC allows shutoff valves servicing 
decorative gas appliances to be installed in fireplaces if listed for such use. IFGC allows the shutoff valve to be installed in the 
firebox of a fireplace if installed according to the appliance manufacturer’s instructions.2° A fireplace manufacturer may pro- 
vide a factory installed, built-in shutoff valve, but require installation of an additional shutoff valve to facilitate disabling the 
appliance without the need for glass removal or appliance disassembly. When appliances are removed, NFGC calls for shutoff 
valves installed in fireplaces to be removed and piping capped gas-tight where the fireplace is to be used for solid fuel burning.”! 


4.7.2 Appliance Connections : 

The fuel gas codes allow a variety of methods of connecting the fuel piping system to an appliance. The terminology for con- 
nection methods includes: 

* Rigid metallic pipe refers to common pipe, such as black iron, used for gas piping systems. 

* Semi-rigid metallic tubing and metallic fittings are generally regarded as referring to copper or aluminum tubing. These 
materials are field cut and may require flaring for connections. 

* Listed connectors are factory made flexible materials that include connection components. 

While we offer the variations in the two editions of the two fuel gas codes here, it is important to underscore the com- 
mon intent. In particular, both recognize listed connectors, which of course means recognition of the product listing and 
manufacturer's instructions. IFGC includes some of the requirements based on the standard, but their omission in NEGC 
is insignificant since it recognizes listed materials and requirements. Likewise, the omission of CSST in IFGC does not con- 
flict with the code’s recognition of equipment that is listed for this purpose. Following either code and listed materials in- 
structions is essentially equivalent. 


4.7.2.1 National Fuel Gas Code Requirements 
1999 NFGC offers the following methods and requirements for connecting gas equipment that apply to gas hearth products: 
° rigid metallic pipe 
* semi-rigid metallic tubing (copper or aluminum, but aluminum prohibited in exterior locations) 
° listed connectors located in the same room as the equipment. 
The connector or tubing must be installed so as to be protected against physical or thermal damage.” 


14 NFGC-12, -09, -06: 9.6.4.2; IFGC-12, -09: 409.5.2, IFGC-06, -03, -00: 409.5 

15 NFGC-12, -09, -06 : 9.6.4.2; IFGC-12, -09: 409.5.2 

16 IFGC-06, -03, -00: 409.5 

17 IFGC-12, -09: 409.5.2 

18 NFGC-12, -09,-06: 9.6.4.3; IFGC-12, -09: 409.5.3 

19 NFGC-12: 9.6.4.1(2), NFGC-09:9.6.4.1(B), NFGC-06: 9.6.4.1(2), NFGC-02: 8.5.4, NFGC-99: 5.5.4 
20 IFGC-12, -09, -06, -03, -00: 409.5.1 

21 NFGC-12, -09,-06: 7.7.2.2, NFGC-02: 6.7.2.2, NFGC-99: 3.8.2 

22 NFGC-12, -06: 9.6.1; IFGC-12, -06:411.1.2 
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The 2002-2012 NFGC has these additional requirements: 

© listed connectors must be listed to ANSI Z21.24 Connectors for Gas Appliances 

e only one connector per appliance 

* CSST (corrugated stainless steel tubing) is acceptable if installed in accordance with manufacturer's instructions.” 


4.7.2.2 International Fuel Gas Code Requirements 

IFGC 2000 and 2003 recognize the following methods and requirements for connecting gas appliances applicable to 
hearth products: 

¢ rigid metallic pipe 

* semi-rigid metallic tubing not exceeding 6 feet and located in the same room as the appliance 

° listed and labeled connectors located in the same room as the appliance. 

¢ In 2006, IFGC added the use of corrugated stainless steel tubing (CSST) as an accepted method of connecting appli- 
ances. In the same edition, listed outdoor appliance connectors are recognized. In all cases, the connector must be protected 
against physical damage. 

° The 2003-2006 editions of IFGC offer these requirement regarding (listed) appliance connectors: 

¢ length limited to 3 feet (except 6 feet for ranges and clothes dryers) 

* cannot be concealed in, or extend through walls, floors, partitions, ceilings 

* cannot be concealed in, or extended through appliance housing EXCEPT fireplace inserts factory equipped with grom- 
mets, sleeves, or other means according to listing.” 

¢ In 2009, IFGC changed the maximum length of listed appliance connectors from 3 to 6 feet. In addition, 

_ © piping allowed as connectors to vented decorative appliances and room heaters can extend through walls, floors, parti- 
tions, and ceilings 

* rigid steel pipe can extend through appliance housing openings 

* semi-rigid tubing and listed connectors can extend through protected appliance housing openings.” 


4.7.3 Sediment Traps 

Sediment traps are tee devices installed close to the appliance to intercept or hold solid foreign particles to prevent them from 
blocking valves or orifices. (Sediment traps should not be confused with drip legs, which are tee devices used to collect con- 
densate from gases.) NFGC exempts gas fireplaces and decorative appliances 

for installation in vented fireplaces from having sediments traps in the fuel pipe Sediment trap 

serving it,” as does IFGC since the 2012 edition.” 

Gas hearth appliance manufacturer's instructions may include requirements 
for a sediment trap. Rusting and degradation of the main burner are sometimes 
associated with sediment in the gas line when sediment traps are not present or 
not installed correctly. Correct installation of a sediment trap includes: 
¢ installation of a tee to change the direction of gas flow to the appliance 
* connection of the gas supply line to the top of the vertical section of the tee 
* connection to the appliance from the horizontal leg of the tee 
* connection of a nipple and cap to the bottom of the vertical section of the tee 
¢ the minimum length of the nipple section 3” plus threading. 

Indications of this sediment problem include a red oxide or red primer col- 
or on the burner, burner tube, pilot hood, and sometimes the firebox. 


23 NFGC-12, -06: 9.6.1; IFGC-12, -06:411.1 

24 NFGC-12, -06: 9.6.1; IFGC-12, -06: 411.1 

25 IFGC-12, -09: 411.1.3 

26 NFGC-12, -09, -06: 9.6.7, NFGC-03: 8.6.7, NFGC-00: 5.6.7 
27 IFGC-12: 408.4 
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NFGC 99. “FGCo 00-03 
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shutoff upstream of | ofconnector 
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Installed within 6’ | appliance S 
oan 5 
Of appliance | *For vented decora- a 
Can be located tive appliances and 
in decorative gas | gas log sets areare-_ 
fireplace if listed | mote from appliance _ 
for such use ff pronded with feay. 
Remove shutoff | 26695. aS 
valves and cap In Frepece firebox a 
gas-tight for fire- | installed according to 
places burning appliance manufactur- 
solid fuel ers instructions = 
Rigid metallic Rigid metallic pipe; 
Fuel pipe; semi-rigid semi-rigid metal- 
connector | Metallic tubing; or | lic tubing; or listed 


connectors located in 
same room as appli- 
ance 


OR listed and labeled 
connectors located in 
same room as equip- 
ment limited to 3 feet 


listed connectors 
located in same 
room as equip- 
ment and protect- 
ed against physi- 
cal damage 


Cannot be concealed 
in or extend through 
walls, floors, parti- 
tions, ceilings or ap- 
pliance housingstt 


tCan extend into fire- 
place inserts factory 
equipped with grom- 
mets, sleeves, or oth- 
er protection in accor- 
dance with listing 


| Vented decorative 

| appliances and 

| gas log sets not 

| required to have baa f i 
Hees RG hee 


Accessible, 
| upstream of 
_connector 


NFGC 02-12 


Installed within 6". 
of appliance* 


Can be located : 
in decorative gas 
fireplace if listed 
for such uses 


Remove shutoff 
valves and cap 
gas-tight for fire- 
places burning 


| solid fuel 


Rigid metallic 
pipe; semi-rigid 
metallic tubing; or 
connectors list- 
ed to ANSI z21.24 
Connectors for Gas 
Appliances and 
located in same 
room as equip- 
ment and only 
one connector per 
appliance; CSST 
where installed in 
accordance with 
manufacturer’s in- 
structions 


P Vented decorative | rap oe 

| appliances and of cc 

| gaslogsetsnot | | 

-|fequiredtohave. | « 
traps ean 


EGC 06 


a Accessible, upstream 
| of connector — 


‘Installed within 6 of : 
= appliance 


appliance* 
*For vented decora 


tive appliances and _ 


gas log sets area re- 


mote from appliance — 
if provided wu fa 


| In fireplace firebox if 


access 


Infi fireplace firebox if 


installed according to 


appliance manufactur- 
ers instructions — 


Rigid metallic, 
semi-rigid metallic 
tubing, not exceeding 
6 feet and located in 
same room as appli- 
ance 


OR CSST 


OR listed and labeled 
connectors located in 
same room as equip- 
ment limited to 3 feet 


OR listed and or listed 
and labeled outdoor 
connectors 


Cannot be concealed 
in or extend through 
walls, floors, parti- 
tions, ceilings or ap- 
pliance housingstt 


~ 1FGCo93 : 


Accessible, upstream of 


| connector 


Installed within 6’ of 


*For vented decorative ap- 
pliances and gas log sets 


| area remote from appli- 


ance if provided with ready 
access 


installed according to 
appliance manufacturer’s 
instructions 


Rigid metallic, semi-rigid 
metallic tubing, not exceed- 
ing 6 feet and located in 
same room as appliance 


OR CSST 


OR listed and labeled con- 
nectors located in same 
room as equipment limited 
to 6 feet 


OR listed and or listed and 
labeled outdoor connectors 


Cannot be concealed in 
or extend through walls, 
floors, partitions, ceilings 
or appliance housingstt 


ttPiping used as a connec- 
tor to vented hearth appli- 
ances can extend through 
walls, floors, partitions, 
ceilings; rigid steel pipe can 
extend through protected 
appliance housing open- 
ings; semi-rigid tubing and 
listed connectors can ex- 
tend through protected ap- 
pliance housing openings 
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connector as close to inlet — 


of eaepien as to 
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_ SECTION 2| GAS HEARTH APPLIANCES — 


The common characteristic of all gas burning hearth appliances is the simulation of the flame and fuel of 
the solid fuel fireplace or stove. The basic concept is to combine the convenience and combustion efficien- 
cy of gas fuels with the aesthetics and tradition of wood burning. 

Within the broad class of gas hearth appliances there is a large array of products. It is important to orga- 
nize and categorize the lineup of gas hearth products to simplify options for customers and to differentiate 
installation and service requirements. 

We consider here the fundamental process that takes place in gas hearth appliances: combustion. Un- 
derstanding the principles of combustion — and the consequences of incomplete combustion — is essen- 
tial to appliance performance and safety. 


Chapter 5 | Gas Hearth Appliance Categories 
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‘The most basic appliance characteristic is whether it has a venting system or not. If it is vented, it can be further categorized 
according to the type of venting system it uses. If it is unvented (also known as vent-free), it belongs to a singular category 
of appliances that are significantly different from vented appliances in regulation, installation, and use. 

Beyond the division of appliances into vented or unvented, there are a number of sub-categories that reveal additional 
—~ ways to distinguish differences in gas hearth appliances. The chart below summarizes those categories. 
The discussion that follows provides the details of gas hearth appliance sub-categories: 


Gas hearth appliance category summary 


} 


‘ Category . Vented gas hearth appliances _ Unvented gas hearth appliances 


~ Non-condensing appliance Condensing appliance 


1. Venting systems ee Conventional vent — 


Type B vent, fireplace chimney, | Approved plastic piping 
chimney liner ae ep hee et 


Mechanical vent 

_ Optional oe = Required =. 
= 2. Appliance types © Gas log sets fireplaces e Fireplaces ° Gas log sets fireplaces 

e Fireplace inserts ¢ Fireplace inserts © Fireplace inserts 

e Freestanding stove ¢ Freestanding stove e Freestanding stove 

3. Appliance ‘Not subject to efficiency testing od Subject to high efficiency” | Room heater 
a 9 Gas log Set. ak | @ Fireplace heater 
zs Sesting (heating) 5 
_ stheplaceheater 
~. 4. Appliance control | Manual control valves Automatic control valves Automatic control valves, with 
valve type ¢ Millivolt automatic control valves | ® Electronic oxygen depletion sensor (ODS) 

Zz * Electronic e VAC © Millivolt 
os © VAC e VDC ° Electronic 

e VDC e VDC 
a 5. Appliance ANSI 221.50, CSA2.22 = : ANSI 221.88, CSA 2.33. a | ANSI z21.11.2 

standards Vented Gas Fireplace Heaters | Unvented Room Heaters 
~ CSA Interim Requirement 1.09 
~ | Vented CondensingGas 
Fireplace Heaters 

a 
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Hearth Appliance Categories 


* Venting Systems: Conventional Vent (Non-condensing: Type B Vent, Existing Masonry or Factory-built Fireplace Chim- 
ney, Chimney Liner, Single Wall Pipe; Condensing; High Efficiency; Approved Plastic Piping); Direct Vent; Power Vent 

Within the broad category of vented appliances are different venting methods, each with its own characteristics and 
requirements. 
¢ Appliance Types: Gas Log Sets, Fireplaces, Fireplace Inserts, and Freestanding Stove 

The appearance, shape, and basic kind of appliance is usually the category of primary interest to customers. 

* Appliance Function: Decorative, Heating Appliance (Vented), High Efficiency (Condensing); Room Heater (Unvented) 

For vented appliances, this category refers to whether efficiency testing is required or not and how high an efficiency rating 
is required. Venting appliances that are not required to be subjected to minimum thermal efficiency testing are decorative.* A 
thermostat is prohibited from use with a decorative appliance. Vented heating appliances are required to be efficiency tested 
and can use thermostats. If the combustion efficiency of the appliance is so high that vent temperatures result in condensa- 
tion from the water vapor produced by combustion, the vented appliance is subject to testing and rating as a high efficiency, 
condensing appliance. 

Unvented gas hearth appliances are not required to be tested for efficiency, but they must operate with high combustion 
efficiency in order to have low enough combustion emissions to function without a vent to the outside of the house. 

Appliance Control Valve Type. The flow of gas in hearth appliances is controlled by different types of valves. Control 
valves also are responsible for safety and convenience features. All control valves stop the flow of gas if flame is lost. ‘The type 
of control valve also determines whether thermostat, wall switch, or remote control operation is possible and whether house- 
hold electrical current is required for operation or not. 

Standards Categories. All the different gas hearth appliances are tested to a recognized test standard. Manufacturers pro- 
duce and test their products to the specifications of the relevant standard. The specifications largely determine product type, 
performance, venting, installation, and in some cases, use. We look at product standards in the next chapter. 

We can better understand appliance, venting, and installation options by looking at the categories within the broad clas- 


Decorative appliance developments Vented gas log set in Vented gas log set in 

In April 2010, the US Department of Energy masonry fireplace factory-built fireplace 
(DOE) issued 10 CFR Part 430 Energy Con- 

servation Program: Energy Conservation Stan- ae Ea 
dards for Residential Water Heaters, Direct 


Heating Equipment, and Pool Heating; Final 

Rule. This document redefined decorative gas 

hearth appliances as those under 9,000 BTU/ 

hr input rating, potentially making most gas 

hearth appliances subject to efficiency testing, 

proposed to begin in 2013. Masonry 
The Hearth, Patio & Barbecue Association CRUnHEY: ki 

(HPBA) subsequently filed suit in federal court PRGA & ae 

and in early 2013 received a favorable ruling height 


that was not appealed by DOE. As a result: 


Factory-built 
chimney 


1 am 


¢ there are no new energy efficiency (AFUE) Damper: a Damper 

' standards for fireplace heaters blocked to im clamp 
° decorative gas appliances are not subject to minimum APs Damper: 
exclusion or definition ata blocked open 
* no gas hearth appliances are currently classi- pect or removed 
fied as direct heating equipment. Gas log set Vented gas 


While the court decision does not prevent 
DOE enacting regulations for a new product 
class, the rule making process, if undertaken, 
would be expected to take five years or more. 
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sification of gas hearth appliances that employ a venting system to remove products of combustion. We will consider all the 
categories of vented appliances and then look at the same categories within the unvented appliance classification. 


5.1 Vented Gas Hearth Appliances 


We can better understand appliance, venting, and installation options by looking at the categories within the broad classi- 
fication of gas hearth appliances that employ a venting system to remove products of combustion. We will consider all the 
categories of vented appliances and then look at the same categories within the unvented appliance classification. 


5.1.1 Vented Appliance Types 
The simplest categorization — and the primary interest of customers — is appliance type: the look and kind of appliance. 


5.1.1.1 Vented Gas Log Sets 

Gas log sets consist of refractory, ceramic, or ceramic fiber manufactured logs placed according to manufacturer's instruc- 
tions over a gas burner and a metal pan typically containing fine sand (natural gas burners) or vermiculite (propane burners). 
Additionally the burner may contain some sort of decorative ember material (rock wool/lava rock). Follow manufacturer's 
instructions, 

Vented gas log sets must be installed in a working masonry or factory-built solid fuel fireplace with adequate draft. Since 
the damper must be at least partially open permanently (varies with jurisdictions: the damper may have to be open fully or 
removed), vented gas log sets have some of the efficiency characteristics of the open woodburning fireplace. Customers seek- 
ing substantial heat and/or efficiency or seeking to cure existing draft problems should be guided to other choices. 


5.1.1.2 Vented Fireplaces 

Gas fireplaces combine the concepts of gas log sets and factory-built fireplaces (the metal firebox surrounded by an air space 
and a metal cabinet). The metal cabinet and airspace around the firebox housing the log set allow for close clearances to com- 
bustible framing. (Factory-built fireplaces are often referred to as “zero clearance,” but contact with combustible materials 
is typically only allowed at metal standoffs and nailing tabs; airspace clearances specified by the manufacturer are otherwise 
required.) The face of the some fireplaces can be finished with noncombustibles and with combustible mantle and trim at 
safe clearances. Check manufacturer's instructions for required clearances. Vented gas fireplaces are available with Type B gas 
vent, direct vent, and power vent. 
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Gas fireplace insert: Direct vent: horizontal Freestanding type B vent 
conventional vent 


| Roof flashing 
* & storm collar 


cover plate 
& liner 


Approved 
pass-through 
& cap (may 
require snorkel 
cap or vertical 


Approved 
gas liner 


Direct 
vent stove 


Direct 
vent 


‘There are further distinctions below between the terms fireplace and fireplace heater based on usage in the reorganized ANSI/ 
CSA standards. The differences are essentially efficiency testing and safety system requirements. Both, however, are gas log sets 
(or other media such as glass or stones) in a close clearance metal cabinet that gives the appearance of a solid fuel fireplace. 


5.1.1.3 Vented Fireplace Inserts 

Vented fireplace inserts are designed as a gas log configuration within a metal cabinet that can be installed (only) in existing 
masonry or factory-built fireplaces, or into an enclosure listed for use with the insert by the appliance manufacturer. A metal 
surround covers the space between the unit and the fireplace opening. Conventionally vented inserts may be vented with Type 
B vent or approved single wall liner through the chimney. Direct vent inserts may be vented with colinear or coaxial direct vent. 


5.1.1.4 Vented Freestanding Appliances 
Freestanding stoves are designed to look like woodstoves and give the appearance of burning logs. Typically the stove body 
is a cabinet with gas logs contained in a metal box with a heat exchanger. Construction materials include materials typical of 


woodstoves such as steel and cast iron in black, porcelain enamel colors, and soapstone. Venting methods include Type B vent 
and direct vent. 


5.1.2 Venting Systems 


Unless specifically listed as unvented, gas appliances must be vented properly. Proper venting depends on the listing and cat- 
egory of the appliance. For gas appliances that use combustion air from inside the home (referred to as conventional vent for 
our purposes in this manual), fuel gas codes provide the following vented appliance categories: 

* Category I. An appliance that operates with a non-positive vent static pressure and with a vent gas temperature that 
avoids excessive condensate production in the vent. 

¢ Category II. An appliance that operates with a non-positive vent static pressure and with a vent gas temperature that is 
capable of causing excessive condensate production in the vent. 

° Category III. An appliance that operates with a positive vent static pressure and with a vent gas temperature that avoids 
excessive condensate production in the vent. 


¢ Category IV. An appliance that operates with a positive vent static pressure and with a vent gas temperature that is capa- 
ble of causing excessive condensate production in the vent. 


1 NFGC-12, -09: 3.3.6.11; IFGC-12, -09: 202 
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Until recently, conventional vent gas hearth appliances could be described exclusively as having the characteristics of Cat- 
egory I appliances: negative pressure venting and systems designed to release adequate heat to the vent to prevent problems 
from condensation of water vapor produced by combustion. The introduction of high efficiency furnace technology to the 
hearth industry, however, now means that there are gas hearth appliances that have the characteristics of Category IV appli- 
ances: positive pressure (mechanical) venting with the expectation of condensation of combustion-produced water vapor. 

In addition to conventional vent, direct vent is a major venting approach for gas hearth appliances that do not interact 
with the home for combustion air supply and that avoid condensation problems with high enough vent temperatures. As 
such, these direct vent systems are metal pipes and components (to withstand relatively high temperatures) that are a listed 
part of the direct vent appliance with which they are used. The introduction of high efficiency condensing hearth appliances 
adds the use of approved plastic piping in colinear and coaxial direct vent configurations as specified by the appliance man- 
ufacturer. In almost all cases, the fuel gas codes recognize the manufacturer of listed direct vent appliances as the source of 
venting requirements.” 

For our purposes with regard to venting system materials and regulations, we will refer to these two types of vented gas 
hearth appliances as non-condensing and condensing appliances. It should be understood, however, that all combustion 
appliances produce water vapor, and some condensation will occur at some times and under some circumstances. Non-con- 
densing gas appliances prevent most of that water vapor from condensing by maintaining high enough vent temperatures 
(see 12.2.1.2.4 for discussion of Type B vent installed outdoors). With the exception of gas log sets in fireplaces, the high 
temperatures in non-condensing hearth appliances requires metal venting systems that are tested and listed to appropriate 
safety standards. 

‘The venting system of condensing gas appliances, on the other hand, has significantly lower operating temperature, but 
must withstand the corrosive nature of the condensate. Approved plastic pipe meets temperature and corrosion prevention 
requirements. ‘The fuel gas codes recognize the use of plastic piping as specified or furnished as an approved venting material 
for listed Category IV (condensing natural draft and mechanical draft, respectively) gas appliances. The specifically approved 
plastic pipe and fittings must be installed according the appliance manufacturer's instructions.? See 5.1.2.2 for discussion of 
types of approved plastic venting used with condensing fireplaces. 

We introduce and outline the different types of venting systems here as a method of grouping the appliances by the type 
of venting system they employ. We cover venting and ventilation characteristics of the different types in depth in Chapter 8 
and venting system installation guidelines in Chapter 12. 


5.1.2.1 Listed Venting Systems for Non-Condensing Appliances . 

‘There are two types of listed gas venting systems that are used with non-condensing gas hearth appliances: 

¢ Conventional venting systems designed for Category 1 type appliances (employ natural draft and have flue gas tempera- 
tures unlikely to promote condensation) 

e Direct vent systems. 

Conventional venting systems draw combustion air from inside the house and discharge combustion by-products to the 
outside. Conventional venting systems include listed Type B vent, factory-built fireplace chimneys, and chimney liners (and 
code approved masonry chimneys). Direct vent systems for non-condensing appliances are sealed systems that deliver all 
combustion air from the outside and discharge combustion by-products to the outside and are listed for use with the appli- 
ance. Conventional and direct vent systems are discussed fully in Chapter 8. 


5.1.2.2 Approved Venting Systems for Condensing Appliances 
While metal venting is necessary for the high temperatures released by non-condensing appliances, it does not withstand the 
corrosive nature of condensate on a continual basis. The material that does prevent vent corrosion problems and withstands 
the lower vent temperatures, certain types of plastic pipe, is not a listed gas vent. The fuel gas codes do not require plastic 
vents for Category IV (condensing) appliances to be listed and labeled as long as the such vents are specified or furnished by 
the appliance manufacturer and are installed according to the appliance manufacturer's installation instructions.‘ 

There is currently one type of plastic pipe, polyvinyl chloride (PVC) and that has been tested for temperature, corrosion 
protection, and other characteristics relevant to venting use with listed condensing fireplaces. The particular plastic venting 
material, components, and configuration must be those tested and approved with the listed fireplace brand and model. 


2 NFGC-12, -09: 3.3.6.11; IFGC-12, -09: 202 
3 IFGC-12: 503.4.2; NFGC-12: 12.5.4 
4 IPGC-12: 502.1; NEGC-12:12.5.1 
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Hearth Appliance Categories 


5.1.3 Vented Appliance Function 

Categorizing gas hearth appliances according to function may result in more confusion than understanding because ter- 
minology is in flux. Until recently, gas hearth appliances were roughly divided into decorative and heating categories. The 
listing of a product to a “decorative” or “heating” standard, however, often had more to do with testing and manufac- 
turing requirements than with the purpose and performance of a product. With the updating and international harmo- 
nization of standards, however, the term decorative has been de-emphasized in favor of the terms fireplace and fireplace 
heater. (Only the standard for vented gas log sets and the standard for outdoor gas hearth appliances currently retains its 


reference to decorative gas appliances.) 

Fireplace refers to what was formerly called decorative in the 
standard; that is, there are no references to minimum efficiency re- 
quirements. The decorative nature of a fireplace is assumed rather 
than stated. Fireplace Heaters, on the other hand, are subject to 
efficiency testing (see Efficiency Testing, this page) and additional 
safety requirements in addition to offering a view of the fire. And 
Condensing Fireplace Heaters have AFUE ratings of 90% or high- 
er, and produce vent condensation. (See 2 below for discussion of 
function of unvented hearth appliances.) 

Vented Gas Log Sets. Vented gas log sets listed to ANSI Z21.60/ 
CGA2.26 use the chimney ofa working Inasonry or factory-built 
fireplace. Thermostats are prohibited. 

Vented Fireplaces. Hearth appliances listed to ANSI Z21.50/ 
CGA 2.22 include fireplaces, fireplace inserts, and freestanding ap- 
pliances that are vented either with Type B vent, direct vent, or 


We suggest here that the most useful organization is 
one that retains the informal distinctions between 
decorative and heating functions and goes a step 
further with reference to terms from the standards. 
Decorative appliances 
e offer a view of the flames and simulation of a 
solid fuel fireplace 
* are not required to undergo 
efficiency testing (see discussion in Efficiency Test- 
ing text box, below) 
® can not usea thermostat 
Heating appliances 
e offer a view of the flames and simulation of a 
solid fuel fireplace 


* are subject to minimum thermal efficiency test- 


chimney liner. They may use blowers for heat distribution, but 
thermostats are prohibited with this category in the US (acceptable 
in Canada). 
5.1.3.2 Vented Heating Appliances 
The characteristics of this category of non-condensing and condensing appliances that offer a view of the flame and sim- 
ulation of a solid fuel fireplace derive from ANSI Z.21.88/CGA 2.33 Vented Fireplace Heaters: subject to AFUE require- 
ments and thermostat control allowed. Additional characteristics for condensing fireplaces are found in CSA Interim 
Requirement 1.09 Vented Condensing Gas Fireplace Heaters. (See 2 below, and Chapter 6 for discussion of unvented 
hearth appliances.) Included are fireplaces, fireplace inserts, and freestanding appliances vented with Type B vent, direct 
vent, or chimney liner. 

Fireplaces, fireplace inserts, and freestanding appliances listed to ANSI Z.21.88/CGA 2.33 and tested further to CSA In- 
terim Requirement 109 are vented by plastic pipe. They must have an efficiency of at least 90% and may use thermostats. 


ing requirements 
* can use a thermostat 


5.1.4 Vented Appliance Control Valve Type 
A gas control valve is part of a safety shutoff system that shuts off all gas flow if the pilot or main burner flame (depending 
on the type of valve) is lost. The type of valve also determines whether the appliance can be controlled by a thermostat, wall 
switch, or remote control and whether household current is required for operation. ‘The working principles and service of 
gas appliance valves are covered fully in Chapters 18-22. For now, we look at the appliance features that are affected by the 
different categories of control valves. 
5.1.4.1 Manual Millivolt Control Valve 
The purpose of the manual control valve is to allow gas flow to the main burner only if the pilot burner is lit. Manual gas 
control valves are not to be confused with manual gas shutoff valves, simple ON/OFF valves that can only be used in some 
jurisdictions where gas log sets listed to ANSI 721.84 (Manually Lighted, Natural Gas Decorative Appliances for Installa- 
tion in Solid-Fuel Appliances) are approved. 

Manual valves require the operator to position a knob and push a reset button to initiate gas flow for pilot ignition, to 
then ignite the pilot gas, to hold the button down for 60-90 seconds so that millivoltage is produced from the thermocouple 
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or thermopile (two dissimilar metals joined together that produce an electric current when heated), and finally to turn the 
control knob to supply gas to the main burner. As long as the pilot flame is lit and providing adequate heat to the thermo- 
couple, the millivoltage keeps the portal (opening) to the main burner open so that gas can flow. Unexpected loss of the pi- 
lot ame results in cooling of the thermocouple, loss of the millivoltage current, closing of the opening to the main burner, 
and gas flow ceasing. 

‘The main burner of an appliance connected to a manual gas control valve must be turned on and off manually. Some 
manual valves offer a very basic method of temperature adjustment by means of a thermostatic bulb system. This system is 
not automatic in the sense that the operator can turn it on and completely off from a wall switch or remote control, Tem- 
perature adjustment is approximate and not based on a number of room temperature degrees (see Chapter 18, Section 
1.1.2). Manual gas control valve systems are used primarily in gas log sets that do not offer remote control (wall switch, 
remote control, room degree thermostat) of the main burner flame. Some gas fireplaces, fireplace inserts, and freestanding 
stoves use manual control valves. 


5.1.4.2 Automatic Control Valve Appliances 

Automatic gas control valves allow management of the main burner from a thermostat, wall switch, or remote control on 
heater rated appliances. Automatic control valves are the mainstay for most gas hearth appliances. In some automatic control 
valves, the safety shutoff system depends on the presence of the pilot flame, on others, the main burner flame. Some auto- 
matic control valves do not need household current (VAC) at any time for operation. 

Of these valves, gas control is powered by millivoltage (MvDC) in some, and in others by batteries (VDC). Some auto- 
matic control valves use VAC under normal conditions and batteries (VDC) for backup during power outages. Some auto- 
matic control valves depend at all times on household (VAC) for operation. 

Millivolt Powered Automatic Control Valves. Automatic millivolt powered gas control valves have essentially the 
same pilot safety shutoff system as manual gas control valves, but they add the convenience of remote main burner con- 
trol. Remote main burner control is made possible by the thermopile, a series of thermocouples. The increased millivolt- 
age of the thermopile produces enough current to automatically open and close the operator head that controls gas flow 
to the main burner. Appliances with automatic millivolt powered control valves do not require household current for 
operation. 

Electronic Automatic Control Valve Appliances. Electronic valves are distinguished from millivolt powered valves by 
the amount of voltage. Electronic valves operate on substantially more voltage (some valves AC and some DC) than the mil- 
livoltage valves that operate on less than 1 volt DC. All electronic valves on heater rated appliances can have remote control 
(thermostat, wall switch, remote control) of the main burner. Remote control of the main burner by most electronic valves 
turns the burner on and off or adjusts the flame to a high or low burn setting. Some electronic valves offer variable adjust- 
ment (modulation) of the flame. 

There are now three types of electronic automatic valves, based on their operating current and source of power: 
¢ AC powered (at all times) valves 
° AC powered valves with DC battery backup 
¢ DC battery powered (at all times except for manual backup control) valves. 

Traditionally, electronic automatic control valves have operated on either 110 VAC current or on house current stepped 
down to 24 VAC or less. Demand for valves that can operate when household current is not available has led to the devel- 
opment of valves that can operate by battery power in power outages and valves that operate continuously on battery power. 

In Chapter 22, we also look at the different types of ignition systems that are used with electronic valves and at the differ- 
ent approaches to safety shutoff systems. 


5.2 Unvented Gas Hearth Appliances 


Unvented, or vent-free, appliances draw all combustion air from the home and return all combustion products to the home. 
Appliances are tested to standards that prescribe allowable levels of combustion by-products. The absence of vent heat loss 
increases heating efficiency. Unvented appliances must be equipped with an oxygen depletion system (ODS) that works with 
the gas safety shut off valve to stop fuel flow in the event of low oxygen levels (see Chapter 20). 

There are a number of considerations regarding the sizing, use, installation, home environment, and maintenance of un- 
vented appliances. Requirements include: 
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Hearth Appliance Categories 


* Regulations. Some states and/or localities prohibit installation of unvented appliances or impose additional require- 
ments. Check with the local authority having jurisdiction. 

© BTU Input. Unvented units are limited to a maximum gas input rate of 40,000 BTU/ hour (less for use in bedrooms 
and bathrooms). 

* Size of Room. Unvented appliances cannot be installed in any “confined space.” 

° Use of Room. An unvented room heater can be used in a bedroom or bathroom only if it is tested and listed for such 
use. Listing requirements include maximum input rating, appropriate volume and source for combustion air, and appli- 
ance mounting. 

¢ Appliance Use. Installation instructions and labeling must indicate that unvented appliances should be considered a sup- 
plemental rather than primary heat source. In some jurisdictions, carbon monoxide detectors may be required. 


Other recommendations regarding unvented appliances include: 

° Appliance Sizing. Manufacturer's or regulatory guidelines should be followed closely to prevent oversizing. Sizing charts 
that consider climate zone, appliance control (thermostat or manual), tightness of home construction, and area to be heated 
are available. 

* Tightness of Home. Adequate combustion air and ventilation are important. Symptoms such as moisture on the inside 
of windows, mildew, lingering bath/shower humidity may indicate the need for additional ventilation. 

¢ High Altitude. In installations above 4,500 feet above sea level, nuisance pilot outage and flame shutdown may occur. 

* Maintenance. It is important for satisfactory performance that the intake area be cleaned on a regular basis, particularly 
for houses with pets. Pet hair, dust, and other foreign objects can block the primary air intake area and prevent proper com- 
bustion air intake. This condition can result in poor appliance performance. 


5.2.1 Unvented Appliance Types 


Unvented gas hearth appliances are available in the same configurations as vented ap- 
pliances (log sets, fireplaces, fireplace inserts, and freestanding stoves). 

Unvented Gas Log Sets. Unvented gas log sets consist of ceramic or ceramic fi- 
ber logs placed over a high efficiency burner according to instructions. Unvented gas 
log sets can be installed in a functional, code compliant masonry fireplaces, and the 
chimney can be blocked off properly above the appliance where codes allow (but the 
chimney must be in place and extend to the proper distance above the roof). Facto- 
ry-built fireplaces must be tested and listed for unvented log set use. Existing fireplaces 
and chimneys should be cleaned before installation. Listed ventless enclosures may be 
available to house the gas log set. 

Care should be taken to ensure that clearances to a combustible mantle are main- 
tained. A heat deflector may be required above the opening of a factory-built fireplace 
(even when there is no combustible mantle). 

Unvented Fireplaces. Like its vented counterpart, unvented log sets inside an ap- 
proved metal cabinet can be installed at close clearances to combustibles and finished 
to give the appearance of a woodburning fireplace. Unvented fireplaces, however, do 
not require a venting system. 

Unvented Fireplace Inserts. An unvented gas log set in a metal cabinet designed 
to be installed in a solid fuel fireplace or listed ventless enclosure will have instructions Unvented 
specifying the type and size of fireplace required. EET 

Unvented Freestanding Appliances. These units are designed to look like wood- 
stoves of various materials and design with the burning appearance of gas log sets. No 
venting system is required. 


Unvented gas log set 


Damper ‘7 
closed 


5.2.2 Venting System 


No venting system is required for listed unvented appliances. 
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5.2.3 Unvented Appliance Function ; 

There are no clear categories of unvented appliances according to their function as there are with vented appliances. They 
are not subject to vented heater federal heating efficiency requirements (the tests consider vent heat loss, which unvented 
appliances do not experience). They are obviously, however, heating appliances which meet combustion requirements and 
offer high heating efficiency. 

There are two types of unvented appliances that are subject to the unvented room heater standard (ANSI £2) 112). 
Unvented gas hearth appliances are referred to as “decorative” in the standard, not as a matter of their function, but to dis- 
tinguish them from unvented appliances that do not offer a view of the flame. Nonetheless, unvented gas hearth appliances 
are best categorized as unvented room heaters. 


5.2.4 Unvented Appliance Gas Control Types 

Most unvented gas hearth appliances are controlled by millivolt powered gas control valves. As such, they can be operated by 
remote thermostat, wall switch, or control, and they do not require electricity for operation. Some millivolt powered valves 
for unvented appliances offer remote variable adjustment of the flame. 

The millivolt powered valve shuts off gas flow to the main burner in the absence of pilot flame. An additional required 
safety device, the oxygen depletion sensor (ODS), causes loss of pilot flame (and thereby system shutdown) in the event of 
inadequate oxygen in the vicinity of the appliance. 

One version of an electronic valve can be used with unvented appliances. This battery-powered valve utilizes a thermo- 
couple for flame failure safety cutoff. 


5.3 Summary 
As a hearth professional, you need to have an overview of gas hearth products so that you can help guide customers to 
proper product choices and so that you understand the options and requirements for venting systems and appliance instal- 
lation requirements. You can now start with the venting classification (vented or unvented) and add each level of further 
categorization: 
* basic appliance type (log set, fireplace, fireplace insert, freestanding) 
* venting system (conventional vent, direct vent, power vent, unvented) 
* function (decorative appliances that have not had to meet efficiency requirements, non-condensing heating appliances 
that meet efficiency and additional safety requirements, and condensing heating appliances that produce condensation as a 
result of their higher efficiency) 
* appliance control type (manual or automatic, millivolt or electronic, VAC, VDC, or both), 

As you integrate the categories, you can refer to a direct vent decorative fireplace insert and know a lot about its general 
characteristics and requirements. 

In the next chapter, we look more closely at the specifics of appliance categories contained in the standards to which gas 
hearth appliances are tested. 
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_ SECTION 3 | GAS HEARTH VENTING SYSTEMS _ 


In its simplest definition, venting is the safe removal of combustion products to the outside atmosphere 
and the associated introduction of air needed for combustion and ventilation. As this and following chap- 
ters will indicate, this simple definition involves numerous concepts and details that affect the safety of 
lives and property, as well as dependable appliance performance. Venting also is essential to dependable 
appliance performance. 

A full understanding of the purposes of venting and how venting accomplishes those purposes is the 
first goal of this section. The second goal is to examine and understand how the principles and purposes 
of venting affect specific types of gas hearth venting systems. Finally, we consider an important subject re- 
lated to venting and system performance, ventilation and combustion air. 


Chapter 6 | Principles Of Gas Appliance Venting 
Chapter 7 | Venting Classifications 
Chapter 8 | Ventilation, Combustion Air & Building Thermal Efficiency 
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Principles of Gas Appliance Venting 


6.1 Combustion Fundamentals Review 


All combustion appliances draw air in, mix it with fuel and heat, and discharge heat and combustion by-products. Air enters, 
and combustion products exit all gas hearth appliances. The differences in appliance types are based on where the air comes 
from and where the combustion by-products are discharged. A simple way to look at this is in relation to interaction of the 
appliance with the interior house atmosphere and the outside atmosphere: 

1. Conventional venting (Non-condensing Type B vent, factory-built and masonry chimney, and gas chimney liner; 
Condensing: Approved plastic piping). Interacts with the house interior for combustion air supply (drawn from house inte- 
rior) and with the outdoors for combustion by-products exhaust (delivered to outdoor atmosphere). 

2. Unvented (approved without venting system to deliver combustion by-products to the house interior). Interacts with 
the house in combustion air supply (draws from house interior), but does not interact directly with the outdoors for com- 
bustion by-products exhaust. Combustion by-products are released into the house interior. 

3. Direct vent (balanced system that draws all combustion air from outdoors and delivers combustion by-products to the 
outdoors; non-condensing: metal direct vent required in listed appliance instructions; condensing: approved plastic piping 
required in listed appliance instructions). Does not interact with the interior of the house. 

‘There are differences in how appliances bring air in and release combustion by-products. There are sufficient similarities 
in the purposes of their differing systems and in the physical principles that drive them, however, to consider them together 
before examining their differences. 


6.2 Purposes of Venting Systems 


An unacceptable level of combustion by-products cannot be allowed to accumulate inside the dwelling. Their removal, how- 
ever, must not endanger or damage the dwelling structure or fail to replace the oxygen supply used in the process. A properly 
specified and installed venting system will accomplish these four important functions: 
* Convey combustion products to the outside atmosphere. There is a considerable volume of combustion by-products. 
Burning 100 cubic feet of natural gas in a conventionally vented appliance (a direct vent system does not require or have 
access to dilution air) requires approximately 1,000 cubic feet of combustion air plus about 250 cubic feet of excess air (air 
that goes through the combustion system unchanged), plus about 1,250 cubic feet of dilution air (air drawn into the vent- 
ing system through the draft hood) to ensure complete combustion. (For simplicity, the traditional figure of 25 ft 3/1,000 
BTU/h from the fuel gas codes is used here and in the illustration below. A newer method of combustion air calculation that 
takes into account air changes per hour and more recent research uses 21 ft 3 in its equation.) 

In complete combustion, the products consist of 100 cubic feet of carbon dioxide, 800 cubic feet of nitrogen, 200 cu- 
bic feet of water vapor, 250 cubic feet of excess air, and 
1,250 cubic feet of dilution air for a draft hood appliance. —_ products of complete combustion: 
‘Therefore, a conventional venting system must remove a conventional vent 
total of 2,600 cubic feet when 100 cubic feet of natural 
gas is burned. 

If combustion is incomplete, harmful or lethal 
amounts of carbon monoxide may be produced and must So ae 
be removed from the building. ae 


¢ Prevent fire hazards due to overheating of nearby = 100 cuft 
Natural gas 


100 cu ft Air 


«| 200 cuft 


250 cu ft | Water vapor 


walls and framing. The temperature of exiting gases var- ne Nag 


ies with different types of gas appliances, but sustained 
high temperatures can dry out and reduce the ignition 
temperatures of combustible materials near venting com- 
ponents. If the ignition temperature is reached, even 


250 cu ft 
Excess air 


7} 1250 cuft 
| Dilution air 


without the presence of flame or direct contact, the ae 

material will burn. Poet 
Venting systems are designed, tested, and listed to | Total: 

1 2600 cu ft 


prevent ignition of nearby combustibles, when installed 


properly: 
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Principles of Gas Appliance Venting 


¢ Each venting system type is listed and intended for use 
with specific appliance types. 

° Only the venting system type listed for use with the appli- 
ance and approved by local code may be used. 

¢ The venting brand and components are a listed part of 
direct vent systems. 

° Clearances, the minimum distance that must be main- 
tained between venting system components and combusti- 
bles, are specified by the venting manufacturer and must be 
followed to assure safety. 

* Unless otherwise allowed by specific code or manufac- 
turer’s instructions, clearances refer to an air space with no 
intervening materials (including noncombustible materials) 
between the heat source and combustible materials. 

Close clearances to combustibles are achieved by design 
factors such as intervening air spaces between concentric 
pipes and dilution of flue gases (and reduction of their tem- 
peratures) by the draft hood. 
¢ Prevent damage from condensation of water vapor in the flue gases to the appliance, vent, building, and fur- 
nishings. For each cubic foot of natural gas burned, about 2 cubic feet of water vapor is produced. If flue gases remain hot 
enough, the water vapor is discharged outside conventional and direct vent systems. If they contact cool surfaces or otherwise 
lose too much heat in the appliance or vent, however, condensation occurs when the flue gases cool below their dew point. 
Condensation of the water vapor produced in burning 100 cubic feet of natural gas would produce about a gallon of water. 
The amounts of water vapor produced in burning the same volume of propane are approximately double that of natural gas. 

If the vent temperature is high enough, the water vapor produced by combustion does not condense within the vent. 
Natural draft appliances that normally operate at vent temperatures that avoids excessive condensate problems in the vent 
are classified as Category 1 Vented Gas Appliances by the fuel gas codes.48 Condensation problems are avoided for these 
appliances by maintaining higher vent temperatures. 

The technology of higher efficiency, condensing appliances is now available in gas hearth appliances. [hese Category IV 
(mechanical positive pressure draft, condensing) appliances have high enough efficiency and low enough vent temperatures 
to produce considerable condensation. The venting material, approved plastic piping, prevents vent corrosion problems and 
is sealed to prevent leaking flue gas or condensation problems. 

Condensed water vapor can cause problems in the house, the appliance, and the venting system. As will be discussed be- 
low, specifying appropriate venting systems to avoid condensation problems may include considerations of appliance eff- 
ciency, vent specifications, and chimney characteristics. 

° Provide adequate oxygen supply for the appliance and occupants of the home. The introduction of combustion air 
is achieved by displacing warm flue gases with cooler combustion air, or draft (in natural draft systems, see below). A num- 
ber of factors including venting size, material, offsets, and height affect draft and therefore vent performance. Manufacturer’ 


- Vents and combustion-produced water 
Until recently, the venting system of all gas hearth appli- 
ances were in the same category with respect to removal of 
combustion produced water. They were designed and to be 
installed in a manner that maintained high enough inter- 
nal vent temperatures to prevent condensation (and cor- 
rosion of vent metal) within the vent. Instead, as non-con- 
densing appliances, their water vapor exited the vent. 
Recently, high efficiency gas furnace technology has 
emerged in yellow flame gas hearth appliances. In these 
appliances, combustion is so complete and so much heat 
is directed into the home that vent temperatures for this 
category of appliance are expected to be low enough that 
condensation can occur. Consequently, these high effi- 
ciency condensing appliances use approved plastic pipe 
direct vent or mechanical draft vents. 


Water vapor as product of combustion 


8 Cubic Feet 20 Cubic Feet 
Natural gas Nitrogen Propane Nitrogen 


1 Cubic foot 2 Cubic feet 
as + + A = a Carbon Dioxide + -— Carbon Dioxide 
= 
1 Cubic Foot 10 Cubic Feet 2 Cubic Feet 1 Cubic Foot 24 Cubic Feet 4 Cubic Feet 
Natural Gas Air ae. Water Vapor Propane (LPG) unig - Water Vapor 
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venting instructions must be followed to assure proper removal 
of combustion by-products. 

Adequate ventilation must also be a venting consideration. 
First, there must be adequate amounts of air available to re- 
place combustion, excess, and dilution air. A 30,000 BTU/ 
hour conventionally vented appliance requires approximate- 
ly 750 cubic feet of combustion air per hour. 

Incomplete combustion and danger to occupants can re- 
sult from inadequate supplies of fresh air. The volume and 
use of the area served by the appliance, as well as the tightness 
of house construction, competing exhaust devices, and other 
factors affecting draft must be considered. 


How it works: combustion air requirements 


One cubic foot of natural gas delivers approximately 1,000 
BTU/hour, so a 30,000 BTU appliance burns about 30 
cubic feet of natural gas per hour. We saw above that 100 
cubic feet of natural gas require 2,500 cubic feet of prima- 
ry, excess, and dilution air for combustion. Therefore one 
cubic foot of gas requires 25 cubic feet of air. 

Therefore 30 (cubic feet of gas burned) X 25 cubic feet 
of air (needed for combustion of 1 cubic foot of gas) = 
750 cubic feet of combustion air per hour. 
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Venting Classifications 


The role and importance of the factors that determine and af- 
fect draft depend partly on the type of venting systems em- 
ployed by gas hearth appliances. 

Chimneys are distinguished from vents in being able to 
contain more than one flue and in their being designed for 
higher temperatures than vents. A flue is the innermost part 
of the chimney passageway which flue gases contact and pass 
through. Venting is the general, umbrella term for all systems of 
combustion product removal, including chimneys and vents. 
Ventilation refers to the supply of fresh air into the interior of 
the house. 


7.1 Types Of Gas Appliance Venting Systems 


7.1.1 Conventional Venting 

Conventional venting systems interact with the interior of the 
house for combustion, dilution, and excess air intake. By-prod- 
ucts of combustion are exhausted to the outdoors. Convention- 
al venting for non-condensing appliances includes Type B vent, 
chimneys, and chimney liners. For condensing appliances that 
offer the option of using indoor combustion air and exhausting 
to the outdoors by mechanical means, approved plastic piping 
as specified by the listed appliance manufacturer is required. 


7.1.1.1 Type B Vent 

B vent is a factory-made, double wall metal vent pipe that can 
be used only with non-condensing gas appliances specified for 
its use (typically top vent appliances). Unless otherwise noted 
in appliance manufacturers’ instructions, “installation require- 
ments are provided by the B vent manufacturer. There are dif 
ferent types and shapes of B vent, but round Type B vent is 
most common for gas hearth appliances. ‘The fuel gas codes 
refer to the category of B vent as gas vent! or vent.’ The inner 
pipe, usually aluminized steel, conveys the products of combus- 
tion. An air space separates the inner wall from the outer wall, 
usually made of galvanized steel. The insulating effect of the air 


Venting terminology 

It may be helpful to distinguish some of the terms re- 
lated to venting, particularly since they are often used 
interchangeably. 

Chimney. A structure containing one or more vertical 
or nearly vertical passageways for conveying flue gases 
to the outside atmosphere. Capable of venting either 
solid fuel, liquid fuel, or gas appliances. 

Vent. A flue gas conveying system intended for use only 
with certain gas, liquid, or pellet fuel fired appliances 
that do not produce flue gas outlet temperatures higher 
than a value specified in the listing vent standards. 
Flue. The general term for a passage through which 
flue gases are conveyed from the combustion chamber 
to the outer air. 

Liner. Can refer to fireclay tile flue in masonry chim- 
neys. Also materials used to resize, replace, or provide a 
satisfactory passage for flue gases. 

Venting. Removal of combustion products as well as 
noxious or toxic fumes to the outer air. 

Ventilation. The flow of outdoor air into and within 
a house. 


Related appliance terminology: 

Non-condensing. For the hearth industry, an appli- 
ance that operates with a negative pressure vent and 
with vent gas temperature that avoids excessive conden- 
sate production (known as Category I in fuel gas codes). 
Condensing. For the hearth industry, an appliance 
that operates with positive pressure vent and with a 
vent gas temperature that may cause excessive conden- 
sate in the vent (Category II and Category IV in the 
fuel gas codes). 


space helps maintain draft and prevent condensation. It also shields surrounding combustibles from the hot inner pipe. Type 
B vent is tested to a maximum flue gas temperature of approximately 480°F under the requirements of UL 441 Type B Vent. 


Type B vent 


“Dead“ air space 
for insulation 


Combustion products 
to outdoors 


Female fo 


Male end 
Interlocking connections 
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Combustion (and excess) air for appliances that use B 
vent comes from the interior of the house. Combustion 
by-products exit to the outdoors through the inner pipe 
of the B vent. 

Most, but not all, gas hearth appliances that use B vent 
have another, unique interaction with the interior of the 
house: the draft hood (also known as draft diverter). ‘The 
draft hood is essentially an opening in the venting system 
that allows dilution air into the vent. ‘The purposes of the 
draft hood are: 


1 NFGC-12: 3.3.106.2; NFGC-09: 3.3.107.2, NFGC-06:3.3.105.2 


2 IFGC-12, -09, -06: 202 
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* to reduce stack temperatures in the vent 


* to neutralize the effect of different venting system heights or other draft influences on appliance operation 
° to provide an escape for backdraft other than through the appliance in the event of venting blockage or absence of draft. 

In normal operation, the draft hood takes care of variations in the height of the venting system. ‘Ihe stronger draft of taller 
system draws in more dilution air through the draft hood, thereby reducing the effect of draft on the appliance and prevent- 
ing overdrafting. On a shorter system, less dilution air is drawn in and draft remains consistent through the appliance. In the 
event of blockage downstream of the draft hood, backdraft exits through the draft hood instead of through the appliance. 
Excessive backdraft of flue gases is regulated by a temperature sensitive “spill” switch (vent safety shutoff) that shuts down the 


appliance either temporarily or permanently (until the pilot is reelit). 

Draft hoods for gas hearth appliances are typically attached to the appliance. 
NFGC and IFGC call for the draft hood to be located: 
¢ in the same room or enclosure as the equipment in a such a manner as to pre- 
vent any difference in pressure between the hood and the combustion air supply 
© so that the relief opening is not obstructed and is accessible for checking vent 
operation 
° so that the relief opening is not less than 6 inches from any surface except that 
of the appliance and venting system OR at the clearance specified on the appli- 
ance label (without reduction).’ 

These fuel gas code requirements apply clearly to freestanding gas hearth ap- 
pliances. The application to gas fireplace inserts and built-in gas fireplaces with 
draft hoods is clarified by ANSI standards requirements. Ihe standards for gas 
fireplaces and gas fireplace heaters offer a definition of recessed draft relief system 
as a variation of a draft hood: 
¢ A permanently attached or detachable component, or combination thereof, 
that in conjunction with relief openings to the space it services, and the cavity or 
enclosure into which the appliance is installed forms a complete draft relief sys- 
tem. The recessed draft relief system may include trim panel assembly(s).4 

So gas draft hoods on fireplace inserts and fireplaces communicate with the 
combustion air supply in the room through trim panel openings. ‘These openings 
must not be blocked or obstructed. The draft hood must always be open to the 
room where the appliance draws combustion air for the burner. The draft hood 
opening should never be blocked off or enclosed. 

Components from different Type B vent manufacturers are only interchange- 
able if allowed in manufacturers’ instructions and any required transition adapt- 
ers are used, Unless otherwise listed, gas hearth appliances can use only round B 
vent or oval B2 x 4 and B2 x 6 systems. Type BW vent, an oval shaped vent for 
use within conventional stud walls, is suitable only with vented (recessed) wall 
furnaces specifically listed for Type BW use. Type B vent must terminate vertically 
outside the structure. 


7.1.1.2 Chimneys 
Both masonry and factory-built chimneys draw combustion air and excess air 
from within the house and discharge combustion by-products outside. ‘They are 
both designed not to allow dilution air to enter the system downstream of the ap- 
pliance (as in Type B vent draft hoods). 

Gas appliances must not be connected to a chimney flue serving a separate 
appliance (fireplace, woodstove, or fireplace insert) designed to burn solid fuel.’ 


3 NFGC-12, -09, -06: 12.13; NFGC-02: 10.12; NFGC-99: 7.12; IFGC-12, -09, -06, -03, -00: 503.12 
4 ANSI Z21.88-2009: page 210; ANSI Z21.50-12: page 197; ANSI Z221.50-2007: page 198 
5 NFGC-12, -09, -06: 12.6.5; NFGC-02: 10.5.5; NFGC-99; 7.5.5; IFGC-12, -09, -06, -03, -00: 503.5.7 
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Venting Classifications 


Masonry chimneys are field-constructed of brick, stone, or cement block and usually lined with fireclay flue tiles. The fuel 
gas codes call for masonry chimneys to be “built and installed in accordance with Standard for Chimneys, Fireplaces, Vents 
and Solid Fuel Burning Appliances, ANSI/NFPA 211, or other local building codes and lined with approved clay tile flue lin- 
ing, a listed chimney lining system, or other approved material that will resist corrosion, erosion, softening, or cracking from 
vent gases at temperatures up to 1,800°F (982°C).”6 

Vented gas log sets almost always use the existing chimney flue, while vented fireplace inserts and freestanding stoves con- 
nected to a chimney use a listed liner system to the top of the chimney. 

For gas appliances using the existing flue, the condition and expected performance of the chimney is important. NFPA 
211, Standard for Chimneys, Fireplaces, Vents, and Solid Fuel-Burning Appliances, is recognized by the fuel gas codes as 
the source for information concerning proper masonry fireplace construction.” The size of the flue, designed for solid fuel 
venting, may be too large for proper draft of some appliances and call for relining to downsize the flue for proper appliance 
performance. The fuel gas codes require that a chimney flue for a draft hood equipped appliance can be no smaller in area 
than the appliance flue collar or draft hood and no larger than seven time the draft hood outlet area.* Check with appliance 
manufacturer’s instructions regarding use of masonry chimneys. The condition of the flue liner may prevent use of the chim- 
ney without an approved liner system. NFPA 211 calls for replacing, repairing, or relining with a listed liner system a flue 
liner that has “softened, cracked, or otherwise deteriorated so that it no longer has the continued ability to contain the prod- 
ucts of combustion (i.e., heat, moisture, creosote, and flue gases)....”” The fuel gas codes recognize NFPA 211 as the source 
for chimney lining requirements.'° 

For appliances required by the manufacturer or local code to be connected to a liner, the system type (Iype B vent, di- 


6 NFGC-12, -09, -06: 12.6.1; NFGC-02: 10.5.1; NFGC-99: 7.5.1; IFGC-12, -09, -06, -03, -00: 503.5 

7 NFGC-12, -09, -06; 12.6.1.3; NFGC-02: 10.5.1.3; NFGC-99: 7.5.1; IFGC-12, -06, -03, -00: 503.5.3 

8 NFGC-12: 12.6.3(2); NFGC-09: 12.6.3.1(2); IFGC-12, -09:503.5.5.2 

9 NFPA-13: 14.9; NFPA 211-10, -06, -03: 13.9; NFPA 211-00: 10.9 

10 NFGC-12, -09, -06: 12.6.4.2; NFGC-02: 10.5.4.2; NFGC-99: 7.5.4; IFGC-12, -09, -06, -03, -00: 503.5.6.1 
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rect vent, or single wall aluminum or stainless steel) will be specified. Where the liner 
is optional, the size and condition of the masonry flue and chimney, expected house 
pressure effects, or maintenance considerations are some of the indications that a liner 
should be used. 

Factory-built Chimneys may be double or triple metal walls with different com- 
binations of air spaces and solid pack materials between the walls. Air spaces between 
the walls provide essential cooling for the chimney and should not be blocked. Vent 
caps may also be essential to chimney cooling and should not be altered or replaced. 

As with masonry chimneys, factory-built chimneys should be inspected for condi- 
tion and performance characteristics such as size and height. Proper installation, includ- 
ing factors such as proper clearances and assembly of chimney sections should also be 
checked. A chimney liner may be required or optional. 


7.1.3 Chimney Liners 
Chimney liner systems are required for gas fireplace inserts and freestanding appliances 
vented through the flue of a fireplace. Only the liner system listed for use with the appli- 
ance should be used. Types of liner systems for non-condensing appliances include Type 
B vent, direct vent, and aluminum or stainless steel single wall liner. 

Gas liner must be a listed system with specified components and installation in- 
structions for various approved applications. Gas liner should not be used unless en- 


Gas fireplace insert 
with flex liner 


Approved 
gas liner 


Gas 
fireplace 
insert 


closed in a masonry or factory-built chimney. The liner must be installed in accordance with the manufacturer's instructions. 
Some flexible liners have a directional arrow that shows the direction the liner should be installed for best flow. 

Condensing high efficiency appliances must use approved plastic piping as required for the manufacturer of the listed 
appliance. Single pipe vent can be used with condensing appliances that use combustion air from the interior of the house. 
For condensing fireplace inserts and freestanding appliances vented through an existing fireplace chimney with a single pipe 
vent, approved flexible and/or rigid approved plastic pipe is required as a chimney liner. The pipe must be joined and ce- 


mented to be gas and water tight according to manufacturer's instructions. 


7.1.4 Direct Vent 
Direct vent is a sealed, specially designed gas venting system which provides all of the 
combustion air to the appliance from outside the house through one pipe and which 
discharges combustion by-products to the outside through another pipe. Providing 
outside combustion air as part of the venting system and sealing out contact between 
the combustion process and the dwelling are the distinguishing characteristics of direct 
vent technology. Because they do not interact with the indoor environment, direct vent 
systems are less likely to be affected by normal negative pressure situations in a house. 
For non-condensing hearth appliances, direct vent appliances and venting compo- 
nents are a listed system. It is therefore required to use only the brand(s) of direct vent 
pipe and venting components included in the appliance manufacturer's instructions 
in (only) the configurations and terminations approved by the manufacturer. For con- 
densing hearth appliances, approved plastic pipe is used only in configurations and 
terminations approved by the appliance manufacturer. 


7.1.4.1 Coaxial Direct Vent Systems 

Coaxial systems use a pipe inside a larger pipe. The smaller pipe is centered and fixed 
in position with spacers in the larger pipe. Combustion products exit through the 
smaller inner pipe. Outdoor combustion air flows in through the space between the 
two pipes. Coaxial systems may be rigid or flexible. While approved metal piping is re- 
quired for non-condensing hearth appliances, approved plastic pipes are required for 
condensing hearth appliances. A direct vent coaxial vent may include a plastic inner 
flue pipe and an outer metal pipe. 


Rigid coaxial direct vent 


Combustion air into direct 
vent hearth product . 


Combustion 
product to - 


- outdoors 


© 1996 Gas Research Institute 


Flex coaxial direct vent 


_ © 1996 Gas Research Institute _ 
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Venting Classifications 


7.1.4.2 Colinear Direct Vent Systems 

Colinear systems use two separate pipes, which are usually flexible pipes for non-condensing appliances 
and rigid approved plastic pipes for condensing appliances. One pipe, usually smaller, brings in outdoor 
combustion air. The other, usually larger, pipe handles combustion products. The pipes may be the same 
size, so it is important to make sure the pipes are used and installed correctly. Manufacturer's instruc- 
tions may call for the exhaust pipe to be insulated and maintain minimum clearances to combustibles. 


Colinear direct 
vent 


7.1.5 Unvented Appliances 


We include discussion of unvented appliances here — in spite of the fact that they do not have venting 
components — because they nonetheless must find and use combustion air and in turn release some 
combustion by-products. This process involves an important part of venting, ventilation and interaction 
with the inside environment, that are similar enough to conventional venting to be considered here. 

Unvented, or vent-free, systems draw all of their combustion air from inside the house and ex- 
haust all of the combustion products inside the house. Even without a conventional venting system, 
unvented appliances employ natural draft to bring in combustion air: as the heated air and combus- 
tion by-products rise from the appliance, replacement air is drawn to the burner (and the pressurized 
stream of gas flowing through the orifice into the burner helps with this process, too). 

Among the exhaust products released into the house is water, in the form of water vapor. The need for combustion air 
and the need to expel excess water vapor in tightly constructed houses relates to an important venting principle that af- 
fects both unvented and conventionally vented (but not direct vent) appliances: ventilation. 

Ventilation is the flow of outdoor air into and inside a house. Exchange of indoor and outdoor air is normally supplied 
through construction leaks around doors, windows, and other building envelope penetrations. That exchange is essential 
for combustion and removal of combustion by-products in conventional and unvented systems. 


© Travis Industries, Inc. 


7.2 Venting System Considerations 


We look, in the chart and discussion that follows, at a comparison of factors that affect venting and ventilation for the dif- 
ferent types of gas venting systems. 


7.2.1 Vent Height 


For conventional venting, both for non-condensing and condensing appliances, the height of the vent or chimney is de- 
termined by manufacturer’s recommendations and applicable building codes. The minimum vent height is the greater of 
the manufacturer's recommended minimum and the required code minimum. The fuel gas codes offer tables based on roof 
pitch for gas vent minimum height above a roof penetration if the vent penetrates the roof for a non-powered (natural 
draft) exhaust. The tables can be used for systems with a listed cap or roof assembly for vents (12 inches or smaller) that 
are at least 8 feet from a vertical wall or similar obstruction. If the vent is closer than 8 feet, it must terminate at least 2 feet 
higher than any portion of a building within 10 feet of the vent.!! In addition, B vent must terminate not less than 3 feet 
above any forced air inlet located within 10 feet.!* Minimum vent height may have to be exceeded for proper venting per- 
formance if there are excessive restrictions to flow such as horizontal vent runs and/or elbows or tees. 

In some cases, direct vent may be allowed to vent totally horizontally. More often, some vertical sections are recom- 
mended, usually starting from the appliance for proper draft. In some cases, a special snorkel termination cap may provide 
vertical draft assistance. In vertical direct vent systems, minimum and maximum height is specified by the manufacturer's 
instructions. Restrictors, rings placed in the venting system, may be recommended for tall venting systems to prevent over- 
drafting. Some newer appliances have venting restriction adjustments built into the appliance for technician adjustment. 


7.2.2 Vent Size 


In most situations, the appliance manufacturer specifies vent size for appliances using Type B vent, gas chimney liner, ap- 

proved plastic piping, and for direct vent appliances. That vent size is normally the size (cross sectional area) of the appliance 

vent outlet. Sizing conventional venting systems may also require using appropriate gas liner (listed metal liner for non-con- 

densing appliances and approved plastic piping for condensing appliances) for oversized masonry and factory -built chimneys. 
For direct vent appliances, the venting system is specifically listed for use with the appliance. 
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7.2.3 Restrictions to Flow 


Maximum horizontal run is specified by the appliance manufacturer for conventional and direct vent. The manufactur- 
er may also recommend that a vertical starter section from the appliance be used. Maximum number of bends (elbows) is 
specified by the manufacturer, as well as maximum offset angle and offset run. A minimum rise per foot (typically 1/4") for 
horizontal runs may be specified by the manufacturer for a Type B vent appliance. 

Routine cleaning of the air intake screen on unvented appliances is recommended to prevent restricted air flow into the 
appliance. 


7.2.4 Wind 
Intense prevailing wind conditions may call for consideration in locating a vent/chimney termination or for a special termi- 
nation cap for non-condensing conventional venting and direct vent systems. 


7.2.5 Combustion Air Intake/Ventilation 
Providing sufficient combustion air and ventilation inside the house is a concern for conventional venting systems and un- 
vented appliances (but not for direct vent systems). A growing number of building codes recognize the need for sufficient 
combustion air for proper appliance performance, indoor air safety, and comfort. See the next chapter for a full discussion 
of determining combustion air needs. 

Direct vent appliances are sealed so that they are usually not affected by interior pressure conditions. Direct vent air in- 
take components must be located so that they are not blocked by snow or debris (and also located where they do not pose 


a safety hazard. 
7-3 Summary 


Proper venting is crucial to appliance performance and hearth system safety. The three types of non-condensing gas venting 
systems (conventional, unvented, and direct vent) and the two types of condensing venting systems (conventional and direct 
vent) interact differently with the house and the outdoor atmosphere. By understanding the nature of draft and the factors 
that determine and affect its strength, it is possible to better prevent or diagnose venting problems. Applying those princi- 
ples and following code and manufacturer requirements for each venting type is essential to customer satisfaction and safety. 

Understanding of the principles of venting and the basics of code and manufacturer requirements for the different venting 
types covered here are the foundation for the applications of planning and installing gas appliance venting systems. 
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Ventilation, Combustion Air 
& Building Thermal Efficiency 


8.1 Required Volume for Combustion and Ventilation Air 

Combustion air requirements in the NFGC and IFGC are based on the indoor volume of the space available for combus- 
tion air without regard to specifics of construction that were taken into account in earlier editions.! There are two methods 
of calculating the available indoor air volume, one based on the air exchange rate in the house and the other on the volume 
of the space in relation to the input of the appliance. 


8.1.1 Known Air Infiltration Rate Method (KAIR) 
If the air change per hour (ACH) is known (which may be a default factor provided by the local jurisdiction) or can be de- 


termined by calculation or measurement, a formula can be used to determine the required volume of the space.’ The KAIR 
method was developed to address structures that have an air infiltration rate of 0.40 ACH* or less. The KAIR method must 
be used if the ACH is known to be less than 0.40. However, the KAIR method can be used for structures with a higher ACH 


rate, but the codes prescribe 0.60 ACH as the highest factor that can be used in the calculation. 
Combustion Air, Ventilation, & Building Thermal Efficiency Terminology 


Formal definitions of terms include: 


Combustion air. Air provided to a fuel-burning appliance for combustion, including dilution and excess air. 
Dilution air. Air that is introduced into a draft hood (Type B vent appliances) and mixed with flue gases. Dilution air 
moderates draft and reduces vent temperatures by introducing air that has not been heated in the combustion chamber to 


the venting system. 


Excess air. Air that passes through the combustion chamber and venting system in excess of that which is theoretically 
required for complete combustion. Excess air does not combine with the fuel in the combustion process. 

Ventilation. Movement of air in and out of a space, including around and through an appliance for cooling purposes. 

Confined space. A room or space having a volume less than 50 cubic feet per 1,000 BTU/h of the aggregate input rat- 


ing of all fuel-burning appliances installed in that space. (Note: 
not directly applicable to NFGC 2006, 2002 and IFGC 2006, 
2003.) 

Require volume of combustion air. A space having a vol- 
ume not less than 50 cubic feet per 1,000 BTU/h of the aggre- 
gate input rating of all appliances installed in that space. Rooms 
communicating directly with the space in which the applianc- 
es are installed, through openings not furnished with doors, are 
considered a part of the unconfined space. 

Aggregate input rating. The total of the BTU input rating of 
all the gas equipment in the room or space. ‘The aggregate input 
rating of all the unvented appliances in the room or space cannot 
exceed 20 BTU/hr/cubic foot. 

Air changes per hour (ACH). The measure of how many 
times the air with a defined space is replaced within an hour. 
When calculated using a formula, ACH represents the average 
seasonal infiltration rate and is expressed as a decimal. When 
measured by blower door testing, ACH represents the actual air 
changes as measured at a specific negative pressure, typically -50 
Pascals, and is expressed as a whole number. 

Building Thermal Envelope. The walls, floor, roof and other 
building elements that enclose conditioned spaces. 

Air Barrier. Material(s) assembled and joined together to 
provide a barrier to air leakage through the building envelope. 
May be a single material or a combination of materials. 

Infiltration. The uncontrolled inward air leakage into a 


* Calculated and measured ACH 

In the fuel gas codes, ACH is expressed as a deci- 
mal to represent the percent of volume of space ex- 
changed per hour. This results from the dependence 
on ASHRAE calculations rather than the less avail- 
able and less common practice of blower door test- 
ing. As such, 0.40 ACH represents average seasonal 
infiltration rates that take into account many factors, . 
but are not based on a specific house pressure and do 
not represent actual measured infiltration rate for a 
specific building. 

More often, and specifically in energy codes and in 
IRC, ACH is now expressed as a whole number, rep- 
resenting actual measurement (blower door testing) 
at a specific negative pressure. Typically that pressure 
is - (negative) 50 Pascals and represented as ACH50. 

Fortunately, there is an accepted approximate 
calculation to compare average seasonal infiltration 
rates with blower door testing rates at -50 Pa: Sim- 
ply multiply average rates by 20. Thus 0.40 ACH = 
approximately 8 ACH50. Or divide ACH50 by 20 
to determine approximate average seasonal rates: 12 


ACH50 divided by 20 = 0.60ACH. 


building caused by the pressure effects of wind or the effect of differences in the indoor and outdoor air density or both. 
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Ventilation, Combustion Air & Building Thermal Efficiency 


Indoor air volume calculation: known air infiltration rate method (KAIR) 
Example: Determine if the indoor volume is sufficient to supply combustion air for the following new gas fireplace. 

A 60,000 BTU/hr natural draft gas fireplace will be installed in a single-family house in a room measuring 15 ft x 25 ft 
with a 9 ft ceiling height. It was determined (either by use of the ASHRAE calculation method or blower door test) that 
the house has a 0.40 air changes per hour/8 ACH50 air infiltration rate. 


Solution 
(1) Determine the required volume: Natural draft gas fireplaces are considered to be an “other than fan assisted appliance” 
termed “other” determining the required volume under the KAIR method: 

NFGC 8.3.2.2 and IFGC 304.5.2 permit the use of the following equation to determine the required volume for a 
non-fan assisted appliance. 

Using this equation* 


peor : 2 2b bo) Tother 
volume other > ACH 1,000 BTU/hr 


21 ft? 60,000 BTU/hr 
0.40 1,000 BTU/hr 


=3;150 f° 


(2) The available volume in the room is determine as follows: 

(15 ft * 25 f) x9 ft =3,375 cuit 

Conclusion 

‘The installation can use indoor air alone because the available volume of 3,375 ft® is more than the total required volume 


of 3,150 ft’. 


* ‘The confined/unconfined space method of previous fuel gas codes required 50 ft? per 1000 BTU/hr that assumed an 
ACH of 0.50, which translates into 25 ft? total combustion air needs per cubic foot of natural gas. The KAIR equation 
now includes the ACH factor and is based on newer research that indicates a less conservative amount of total combus- 
tion air, 21 ft®, is needed, 21 ft? reflects the total combustion air needs per 1,000 BTU of fuel gas (natural gas or propane): 
10 ft? for combustion air, 5 ft? for excess air, and 6 ft3 for dilution air. (For mechanical vent appliances, no dilution air 
is required, so the formula uses 15 ft? instead of 21 ft*.) The equation adjusts this amount based on the tightness of the 
building by including the ACH as part of the equation. 


Blower door. An instrument used to measure the airtightness of a building. Comprised of a calibrated, variable speed 
fan, a manometer (pressure measurement device) to measure the pressure differential induced across the face of the fan and 
across the building envelope created by the fan’s movement of air. 

Water gauge (w.g). An expression of inches of water column. 


8.1.2 Standard Method 

‘The NFGC and IFGC no longer distinguish between confined and unconfined spaces. Instead, the KAIR or Standard meth- 
od determines whether a room and directly communicating spaces (through openings not furnished with doors), except 
bedrooms and bathrooms, supply an adequate room volume for combustion air or not. 

If the ACH is not known (or greater than 0.40), the minimum required volume of the space providing combus- 
tion air is 50 cubic feet per 1,000 BTU/hr.? The Standard Method is the same as the unconfined definition used in 
previous editions of the codes. It continues to permit the traditional method of determining the adequacy of indoor air 
volume. It is not necessary to take into account specific construction features of the building. Instead, the procedure is 
just to make sure that there is at least a required volume of indoor space providing combustion air for the appliance, based 


3 NFGC-12, -09, -06: 9.3.2.1; NFGC-02: 8.3.2.1; IFGC-12, -09, -06, -03: 304.5.1 
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Table of KAIR method calculated minimum space for 
appliances for specified infiltration rates (non-fan assisted) 


Appliance input Spacevolume  Spacevolume Space volume 


on the appliance input and the appropriate calcula- en ra Se Bi pe 
tion method. For spaces other than bedrooms and — oe ae 
bathrooms air can come from: 5000 = 420 350 300 
* the room/space where the appliance is located (in- 10,000 = 846 700 600 
cluding adjoining spaces that cannot be closed off) 15,000 1,260 4,050 900 
¢ through specified openings to other indoor spac- EST te 1,680 ae Foe 
es/rooms, 

Other means to provide combustion air include: cassie ore mex Zone 
° through specified opening(s) to outdoors Bete ates z19e0 eee ab00 
° through a combination of specified openings to 35,000 2,940 2,450 2,100 
indoor spaces and to the outdoors 40,000 3,360 2,800 2,400 
° by means of an engineered system i000 ae a0 ar 
* or by means of a mechanical combustion air 

supply system.‘ But keep in mind the possible con- 2a et aoe ne 
flict with building thermal efficiency requirements 20nd ace = Dae 3,300 
that can severely limit penetrations of the building 60,000 5,040 4,200 3,600 
envelope air barrier, possibly to the extent of ex- 65,000 5,460 4,550 3,900 
cluding a natural draft appliance and/or requiring 70,000 5,880 4,900 4,200 
careful sealing of any air barrier penetration and/or a OGa E68 or, Tees 
the venting system. See discussion of building ther- : : : é 
mal efficiency requirements in 8.3 below. B5.600 6720 32200 seco | 
8.1.2.1 Use of Room 852000 eee eee he 
The NFGC and IFGC specify that decorative ap- oe 7560 6,300 3400 
pliances for installation in vented fireplaces (vented 95,000 7,980 6,650 5,700 
gas log sets) and vented gas fireplaces (except direct ~ 100,000 3,400. 7,000 6,000 


vent) can be installed in a bathroom or bedroom if 


Standard method: Calculating required volume 


1. To find the minimum cubic feet volume for an appliance, divide the input rating BTU/hr by 20**. 

Example: an appliance with an input rating of 39,000 BTU/hr is intended for installation in a living room that has no 
other heating appliances and that joins with other rooms through doors, What is the minimum volume that the room 
must have to be appropriate for this installation without providing means for combustion air from outside the room? 

39,000 divided by 20 = 1,950 cubic feet minimum volume 

(Room volume 1,950 or greater is unconfined space; less than 1,950 is a confined space.) 


2. To find the maximum BTU/hr input rating for a known room volume, multiply the cubic feet times 20*. 
Example: a room measures 15' x 18’ x 8', and it contains no other heating appliances. What is the largest appliance 
input rating that is acceptable for this space without providing means for combustion air from outside the room? 
15x 18 x 8 = 2,160 cubic feet . 
2,160 x 20 = 43,200 BTU/hr maximum input rating 
(Space is unconfined for appliance with 43,200 BTU/hr or less; space is confined for appliance 
with more than 43,200 BTU/hr) ae 


*50 (cu. ft.) per 1,000 (BTU/hr) is the same as 1,000 + 50, which equals 20. When the BTU/hr of the appliance is 
_ known, dividing by 20 is the same as first dividing the known BTU/hr by 1,000 and then multiplying by 50. When 

the volume of the space is known, multiplying by 20 is the same as dividing the cubic feet by 50 and then multiplying 
_ by 1,000. 


4 NFGC-12, -09, -06; 9.3.2-9,3.6; NFGC-02: 8.3.2-8.3.6; IFGC-12, -09, -06, -03: 304.5-304.9 
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Required volume table 
(also applicable for Standard Method) 


Appliance input Required 


BTU/hr minimum : : 
ea NFGC/IFGC conventional vent appliances 

5,000 250 
10,000 500 _ Air source All or partial air from indoors All air from outdoors — 
15,000 ) 

2 ig ACH unknown _ ACH known* 
20,000 1,000 
25,000 1,250 Determining Standard Method Known Air 

minimum required Infiltration Rate 
30,008 Pave volume Method (KAIR) 
35,000 1,750 
40,000 2,000 Methods of 1. Required volume of immediate space 1. Two specified 
45,000 2,250 providing : meets minimum openings 
50,000 2,500 at 2. Specified openings to connectindoor | 2. One specified 
Spaces opening 

55,000 2,750 ; : 
G 3. Indoor space(s) and specified 

aaa ki ‘opening(s) to outdoors 
65,000 3,250 
70,000 3,500 Bathroom/bedroom 
aoe zi Must have required volume of indoor Not permitted | 
80,000 4,000 combustion air (directly communicating 
85,000 4,250 spaces can be included) 
90,000 4,500 
95,000 5750 *a, If ACH known to be less than 0.40ACH, KAIR method must be used. 

zm * : . . ‘ . 
100,000 5,000 b. 0.60 is the largest ACH used in a calculation for an infiltration rate larger than 0.60. 


the room and directly communicating spaces meet the required volume of indoor air criteria as determined by the Stan- 
dard or KAIR method.’ Directly communicating spaces that are considered part of the combustion air source must join 
the bedroom or bathroom through openings not furnished with doors, and through combustion air openings sized and lo- 
cated according to code specified requirements. Since 2009, IFGC also prohibits installation of vented (except direct vent) 
hearth appliances in a space that opens only into a bedroom or bathroom, unless the space itself or the combined space 
meets combustion air requirements.° 


8.1.3 Fuel Gas Codes: Unvented Hearth Appliances 


Because unvented gas hearth appliances interact with the indoor environment, attention must be paid to combustion air 
requirements. 


8.1.3.1 Volume of Room/Space 
Either the Standard or KAIR method is used to determine whether there is sufficient volume of indoor combustion air in 
the room and directly communicating adjoining spaces (doorway/arch that cannot be closed). 

NFGC and IFGC limit the aggregate input rating of all unvented fuel burning appliances installed in a room or space to 
a maximum of 20 BTU/hr per cubic foot of volume of the room or space. The volume of adjacent, directly connected space 
(with doorway/arch type opening that cannot be closed) can be included in the calculation of the space volume.’ 


8.1.3.2 Use of Room 

‘The fuel gas codes and the product standard are not consistent with one another regarding the term wall-mounted. The 2002 
edition of ANSI Z21.11.2 allows unvented gas log sets that are “provided with means for mounting the burner base assembly 
to the floor of the solid-fuel burning fireplace” to be considered as complying with the wall-mounted requirement for instal- 
lation in bedrooms and bathrooms (maximum 10,000 and 6,000 BTU/hr input, respectively).® The fuel gas codes have con- 


5 NFGC-12, -09, -06: 10.6.1, 10.7.1, 9.3.2; NFGC-02: 9.6.1, 9.7.1, 8.3.2; IFGC-12, -09, -06, -03: 304.5, 303.3 Exception 2 
6 IFGC-12, -09, -06: 303.3 

7 NFGC-12, -09: 12.3.2.1; NFGC-06,-03: 12.3.2 ; IFGC-12, -09, -06, -03: 621.5 

8 ANSI Z21.11.2 (2007): 1.1.1 
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ae 


NFGC/IFGC unvented appliances 


Air source All or partial air from indoors All air from 
outdoors 
ACH unknown ACH known* 
Determining Standard method | Known Air NA 
minimum Infiltration Rate 
required volume Method (KAIR) 
_ Methods of 1. Required volume of immediate space | 1. Two specified 
_ providing meets minimum openings 
~ sufficient air 


2. Specified openings to connect indoor 
spaces 


2. One specified 
opening 


3. Specified openings to both indoor 
Spaces and outdoors 


Bathroom/bedroom 


_ 1, Must have required volume of indoor combustion air 
_ (directly communicating spaces can be included) 


Not permitted 


2. 2. Only one wall-mounted room heater** with maximum 
6,000 BTU/hr for bathroom or 10,000 BTU/hr for bedroom 


*a, If ACH known to be less than 0.40ACH, KAIR method must be used. 


.b, 0.60 is the largest ACH usedina calculation for an infiltration rate larger 
than 0.60. 


8.2 Combustion Air Openings: Fuel Gas Codes" 


tinued to allow appropriately sized unvented 
space heaters that attach to the wall, but they 
have not recognized hearth-mounted unvent- 
ed appliances as equivalent to wall-mounted 
appliances with regard to bedrooms and bath- 
rooms. No reference is made to mounting an 
unvented appliance in a solid fuel fireplace in 
a bedroom or bathroom. Since 2009, NEGC 
contains the provision that unvented room 
heaters shall be listed in accordance with 
ANSI Z21.11.2 and be installed according to 
manufacturer's installation instructions.’ This 
provision does not appear in IFGC. 

One other issue arises from the 2006-2012 
IFGC requirement that prohibits installation 
of gas appliances in a space that opens only 
into a bedroom or bathroom. That type in- 
stallation of an unvented appliance has to 
comply with the use of room requirements 
(input and mounting) explained above, just 
as if the appliance were installed in the bed- 
room or bathroom." 

Local codes may vary on some of the above 
requirements. 


The fuel gas codes specify the location, size, connection to duct work, and other details of combustion air openings. When it 
is determined that an additional source of combustion air is called for by the calculations outlined in Section 1, the process of 
sizing and locating the combustion air method involves a number of choices. In order to make those choices clearer and less 
difficult, we look here at the 2002-2012 National Fuel Gas Code and the 2003-2012 International Fuel Gas Code provisions 
and offer the 1999-2000 editions separately in Appendix G. In that way, focusing on the appropriate regulations for juris- 
dictions operating under different editions is easier. All of the editions allow ventilated, unheated crawl spaces and ventilated 


attics to be used as sources for outdoor combustion air. 


8.2.1 Indoor Opening Size and Location 

8.2.1.1 Combining Spaces on the Same Story 

If the room with the appliance does not have adequate volume for 
combustion air (and other rooms are connected with doors), it may 
be possible to provide 2 permanent openings from the room with 
the appliance to another adjoining room. ‘The total volume of the 
two rooms must be calculated to determine if together they provide 
adequate volume. If they do, the permanent openings must meet 
these requirements: 

¢ Each opening must have a minimum free area of 1 square inch 
per 1,000 BTU/hr of the total input rating of all gas appliances in 
the space, but not less than 100 square inches, 


9 NFGC-12, -09: 10.23.2 
10 IFGC-12, -09, -06: 303.3 
11 NFGC-12, -09, -06: 9.3, -02: 8.3; IFGC-12, -09, -06, -03: 304 


Indoor air, same story: 
1 Sq in per 1000 BTU/hr total input rating 


Alternate location 


12" max. 
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Opening size calculation I: All air from indoors (2002-2012) 


1, Enter the input ratings of all appliances in Table 1. 
Table 1 appliance ratings 


Input rating one or two openings: 2 sq in per 
Appliance (BTU/hr) 1,000 BTU/hr total input rating 
Gas fireplace 40,000 
Other: 

Total 40,000 


2. Determine the required minimum volume of all of the combustion appli- 
ances in the two rooms, here a 40,000 BTU/hr fireplace: 

Divide the input rating 40,000 by 20 = 2000 cubic feet minimum volume. 
3. Determine whether the room with the appliance has adequate volume: 
Room with appliance 12' x 12' x 8' = 1152 cubic feet (NOT adequate volume) 
4. Add the volume of the room of the appliance with the volume of the 
room to be joined by the openings. 

Adjoining room 

10'x 12'x8' = 960 cubic feet 

Room with 


One or more 
openings 


appliance be Se 
2,112 cu ft 
(ADEQUATE volume) 


5. Where all air is to be taken from indoors, divide the total input of all gas 
appliances in the space by 1000. 

Total input: 40,000 +1,000 = 40 sq. in. for each opening BUT minimum 
area is 100 sq. in. for each opening (minimum dimension 3 inches). 


Indoor air from different stories, 


* One opening commences within 12 inches of the ceiling and 
one within 12 inches of the floor. 
¢ The minimum dimension of the opening is 3 inches. 


8.2.1.2 Combining Spaces in Different Stories 

The volumes of spaces in different stories are communicating 
spaces where such spaces are connected by one or more open- 
ings in doors or floors having a total minimum free area of 2 
square inches per 1,000 BTU/hr of total input rating of all 
gas appliances. 


8.2.2 Outdoor Combustion Air 


For the 2002-2012 fuel gas codes, the primary use of the Out- 
door Combustion Air methods for hearth products is as part of 
the process of calculating Combination Indoor and Outdoor 
Combustion Air (see 8.2.3 below). This is because considering 
indoor volume as part of the total required volume reduces the 


Opening size calculation Il: 
All air from indoors: different stories (2002-2012) 


1. Enter the input ratings of all appliances in Table 1. 
Table 1 appliance ratings 


Input rating 
Appliance (BTU/hr) 
Gas fireplace 40,000 
Other: 
Total 40,000 


2. Where all air is to be taken from indoors, divide the 
total input of all gas appliances in the space by 500 

(2 inches per 1,000 = 1 inch per 500). 
Total input: 40,000 = 500 = 80 sq. in. for each opening 


size of openings to the outdoors, which results in less unwanted air leakage into the home. The combination method applies 


without regard to the tightness of the home. 


Outdoor combustion air can be provided through one or two permanent openings. The minimum dimension of these 
air openings is 3 inches. We must preface the following discussion of providing outdoor combustion air with a reference 
to developments in building thermal efficiency requirements. Though not yet adopted and recognized universally, re- 
quirements for severe reductions in air infiltration in building codes will be in conflict with penetrations of the air barrier 
for combustion air and may restrict choice for appliances like unvented hearth products in situations that require outdoor 


combustion air. 
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Opening size calculation Ill: Combination of air from indoors and outdoors (2002-2012) 


1. Determine the total available room volume: 

Example installation: 40,000 BTU/hr gas fireplace (no other combustion equipment in the space) in a room 12x 15 feet 
with an 8-foot ceiling. No additional indoor spaces can be used to meet combustion air needs. 

Room volume: 12 x 15 x 8 = 1,440 cubic feet 


2. Determine the required volume by using the Standard Method. 

Divide the input rating by 20: 40,000 = 20 = 2,000 cubic feet minimum volume. 

‘The indoor volume of 1,440 cubic feet does not meet the required 2,000 cubic feet. Additional air must be provided from 
outdoors. 


3. Determine the ratio of the available volume to the required volume (what percentage of the required volume is the 
available volume): 
1,440 cu. ft. + 2,000 cu. ft. = .72 


4. Determine the reduction factor to be used to reduce the full outdoor opening size (if all air were supplied from out- 
doors) to the minimum required based on the ratio of indoor spaces (the percentage supplied by indoor spaces): 
1(total required or 100%) — .72 (% of total required available from indoors from step 3) = .28 


5. Use one of the methods in Outdoor Combustion Air in 8.2.2 above to determine the size of the outdoor opening(s) if 
it/they furnished all combustion air. In this example, a single opening to the outdoors is used: 
40,000 + 3,000 = 13.33 square inches 


6. Determine the minimum outdoor combustion air opening area: 
28 x 13.33 = 4 square inches, but the minimum dimension size is 3 inches, so a minimum sized square opening would 
be 9 square inches, 


8.2.2.1 Two Openings Method 
‘Iwo permanent openings, one commencing within 12 inches of the ceiling and one within 12 inches of the floor, are provided. 
‘These openings communicate directly or by ducts with the outdoors or with spaces that freely communicate with the outdoors. 
Where the openings communicate directly with the outdoors or through vertical ducts, each opening must have at 
least 1 square inch per 4,000 BTU/hr of total input rating of all equipment in the space. 
Where the openings communicate with the outdoors through horizontal ducts, each opening must have at least 1 
square inch per 2,000 BTU/hr 12" MAX. of total rating of all 


equipment in the space. Outdoors through horizontal ducts: 


i : BTU/hr i ti 
8.2.2.2 One Opening Method tee el he ibe input rable 


One permanent opening commences within 12 inches of the ceil- Chimney 
ing. Ihe opening communicates directly with the outdoors or —_ or gas vent 
through a vertical or horizontal duct to the outdoors or to spac- 
es that communicate freely with the outdoors. A minimum of 
1 square inch per 3,000 BTU/hr of the total input rating of all 
equipment in the space (and not less than the sum of the areas of 
all vent connectors) is required. 


8.2.3 Combination Indoor and Outdoor oS 


Combustion Air 

8.2.3.1 Indoor Openings 

Where used, openings connecting indoor spaces shall comply with 
Indoor Opening Size and Location. 


Inlet air duct 
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Ventilation, Combustion Air & Building Thermal Efficiency 


Directly with outdoors or by vertical Outdoors through one opening: Calculating louver/grille 
ducts: 1 sq in per 4,000 BTU/hr total 1sq in per 3,000 BTU/hr input rating net free area 
input rating 


Ventilated 


a 
Alternative i Wood : 
opening : 8" x12" = 96" X.25 
= 24 sq in free area 


Ventilated crawl space 


8.2.3.2 Outdoor Opening Location 
Outdoor opening(s) size shall be located in accordance with one of the methods in Out- 


door Combustion Air. any eee = 
8.2.3.3 Outdoor Opening(s) Size =72 sq in free area 


The size shall be calculated in accordance with: 
° ‘The ratio of interior spaces shall be the available volume of all communicating spaces 
divided by the required volume. 
¢ ‘The outdoor size reduction factor shall be one minus the ratio of interior spaces. 
¢ The minimum size of outdoor opening(s) shall be the full size of outdoor opening(s) calculated in accordance with one 
of the methods in Outdoor Combustion Air, multiplied by the reduction factor. 

The minimum dimension of air openings shall be not less than 3 inches. As indicated earlier, the need for outdoor com- 
bustion air may conflict with new building code requirements for minimum air infiltration in order to achieve building 
thermal efficiency. 


8.2.4 Louvers and Grilles 


‘The size of louvers and grilles covering combustion air openings is based on their net free area (the total area of the louver 
or grill less the restricting area of the metal or wood slats or cross-pieces). If the free area is known, it is used in calculations. 
When it is not known, it is assumed that wood louvers have a 25% free area and metal grilles and louvers have a 75% free 
area. Louvers are fixed in the open position, or they must be interlocked with the equipment to ensure they are open during 
main burner ignition.'* If screens are used with louvers and grilles, the mesh size must not be smaller than 1/4". 


8.3 Building Envelope Thermal Efficiency 


As we have noted earlier, regulatory concern about combustion air provided from outdoots has shifted gradually to concern 
about how well sealed against air infiltration a house is constructed. Although not yet universally adopted and required, the 


2012 IRC contains a landmark requirement regarding testing and meeting minimum air infiltration rates. We look at this 
regulation and then at its potential impact on the hearth industry. 


12 NFGC-12, -09, -06: 9.3.7; NFGC-02: 8.3.7; IFGC-12, -09, -06, -03: 304.10 
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8.3.1 Air Leakage Requirements 
As part of the energy efficiency chapter in IRC, the air leakage (infiltration) rate must be tested and verified as meeting min- 
imum ACH. 


8.3.1.1 Testing 

The IRC testing requirements include the following: 

* Blower door testing at a pressure of 0.20 w.g., which is 50 Pascals 

¢ ‘Testing performed after all penetrations of the building thermal envelope have been completed 
¢ Where required by the AHJ, conducted by an approved third party. 

° Signed results report from the party conducting the test provided to the AHJ.’° 


8.3.1.2 Maximum Air Leakage Rates 

This requirement sets the maximum air leakage based on climate regions of the country. For Zones 1 and 2 (the southern 
most parts of some southern and one western state) at an air leakage rate not exceeding 5 ACH. For Zones 3 through 8 (the 
rest of the country) the rate must not exceed 3 ACH." 

In both cases, the results are based on blower door testing at — (negative) 50 Pascals, which is often represented in this 
format:ACH50. As noted earlier in our discussion of the KAIR method of determining required volume for combustion air, 
these measured ACH rates can be compared to average seasonal infiltration calculated rates such as 0.40 by multiplying by 
20 (and calculated rates can be converted roughly to measured ACH50 rates by dividing them by 20). 


8.3.2 Implications for the Hearth Industry 


As the 2012 edition of the IRC is adopted over time, the impact of energy efficiency requirements on residential construc- 
tion and related industries will become apparent. Those requirements include increased insulation, better windows, tighter 
ductwork, and tighter construction. That tighter construction will revolve around the change from voluntary 7 ACH50 to 
mandatory, verifiable maximum 3 ACH50 for new homes in most regions of the United States that have not had such en- 
ergy efficiency requirements. 

In order to achieve such low air leakage rates, new construction will focus on the air barrier for the home. Air barrier prod- 
ucts include house wraps that function as air and moisture barriers, closed cell spray polyurethane foam, and board stock, 
such as plywood or oriented strand board (OSB), and extruded polystyrene. This will mean that not only hearth products 
that require outdoor air for combustion will be a concern in very tight residential construction, but also any fireplace systems 
that penetrated the air barrier will impact the leakage rate of the home. 

For natural vent and unvented gas fireplaces, the first concern may be ensuring installation in a space that provides the 
required volume to ensure adequate combustion air. That will mean calculation using the KAIR method, since it is required 
for known average seasonal infiltration rates of 0.40, which is the equivalent of approximately 8 ACH50 and the required air 
leakage rate will be 3 ACHSO for most of the country and 5 ACHS0 for a few regions. For B vent fireplaces, it may be nec- 
essary to consult with the manufacturer regarding installation recommendations in tight construction, including instructions 
for any sealing of the vent system penetrations of the air barrier. The concern for spillage in a negative pressure environment 
may rule out B vent appliances. 

For direct vent hearth systems, which have not been included in combustion air volume concerns, there will be a num- 
ber of new concerns based on air leakage rate for the home. It may be necessary for appliance and/or vent manufacturers to 
provide detailed instructions for all penetrations of the air barrier by the venting system, as well as any recommendations or 
requirements for sealing vent pipe joints or other vent components. 

Finally, construction of a chase must be concerned with maximum air tightness. That may include extending the air barri- 


et around the outside walls of the chase and sealing any penetrations such as vent termination or outside air kit according to 
instructions, drywall with tape or an equivalent method for the interior, as well as sealing of the perimeter of the fireplace to 
the surrounding wall according to the manufacturer's instructions. Local code must also be followed in the process. 


13 IRC-12: N1102.4.1.2 
14 IRC-12: N1102.4.1.2 
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SECTION 4| GAS HEARTH SYSTEMS INSTALLATION. 


WARNING! 

Installations should only be made by qualified persons who are familiar with the safety procedures re- 
quired for the installation of the product, who are equipped with the proper tools and testing instruments, 
and who have achieved proper certification or licensing (if applicable). 

Installations made by unqualified persons can result in hazards subjecting the unqualified person to the 
risk of injury or electrical shock which can be serious or even fatal not only to the installer, but also to per- 
sons being served by the equipment. 

If you are not qualified, do not attempt installations or repairs of gas appliances, piping, or venting. 


Chapter 9 | Venting Installation Guidelines 
Chapter 10 | Conventional Vent Appliance Installation Guidelines 
Chapter 11 | Direct Vent Appliance Installation Guidelines 
Chapter 12 | Unvented Appliance Installation Guidelines 
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Venting Installation Guidelines 


9.1 Vent Termination Gas vent termination 


Follow manufacturer's instructions for termination of B vent. Vent caps must : 

‘ ‘ : ‘ i Listed 
be listed components, and they must be installed in a vertical position. The cap 
height of the termination above the roof is the primary consideration for 
Type B vent. Vent height is measured from the highest point of roof pene- Listed 
tration to the lowest discharge opening of the vent (where the cap joins the —_885 
vent). Vent and/or appliance manufacturers may provide a diagram and table — 
of minimum height above the roof according to ranges of roof pitches. There 
may be slight variations in manufacturers’ tables. 

The tables for NFGC! and IFGC? are identical. Both codes permit use of 
the tables for systems with a listed cap or roof assembly for vents (12 inches 
or smaller) that are at least 8 feet from a vertical wall or similar obstruction. 
If the vent is closer than 8 feet, it must terminate at least 2 feet higher than 
any portion of a building within 10 feet of the vent. Local codes may require 


Lowest discharge opening 


H (minimum) — 
Minimum height from roof 
to lowest discharge opening 


additional height for local conditions, such as snow load. Both fuel gas codes Roof pitch H (minimum) ft a 

require that B vent extend through the roof flashing and terminate with a list- _ Flat to 6/12 1.0 0.30 
d ices f bly? 6/12 to 7/12 1.25 0.38 
ed cap or listed roof assembly. Overgiis to ai12 ue ae 
IFGC and NFGC 2012 editions do not allow use of the vent sizing tables Over 8/12 to 9/12 2.0 SO GT 
if B vent extends more than five feet above the minimum termination heights Over 9/12 to 10/12 oe 0.76 
i nn . bu Over 10/12 to 11/12 3.25 0.99 
in the Gas Vent Termination illustration unless it is protected by a chase that —_Qver 11/12 to 12/12 4.0 159 
is insulated to at least R8.4 Over 12/12 to 14/12 5.0 1.52 
- Over 14/12 to 16/12 6.0 1,83 
° Over 16/12 to 18/12 7.0 2.13 

9.2 Liner Assembly - Over 18/12 to 20/12 as 2.27 
Rigid liner should be installed with the small end of the pipe down to keep —_— Over 20/12 to 21/12 ee 2-44 


condensation inside. 

Flexible liner should be handled and installed carefully to avoid puncturing the pipe. Flexible liner may have a flow direc- 
tion that should be followed. There is less resistance for gases traveling in one direction through the liner than in the other di- 
rection. Check the label on the pipe and the manufacturer's instructions. An approved insulation sleeve for flexible liner may 
be advisable for installations in cold weather climates, particularly if large portions of the chimney are exposed to the weather. 

Factory-built chimney caps may be part of the cooling system for the chimney. Be sure not to block any of the air spaces 
that are part of the connection between the cap and the chimney. 

Chimney liners depend on all or part of the combustion and excess air from inside the house. All of the concerns in 
2.1.2.1 above apply here. 


9.3 Direct Vent 


Direct vent must be understood as part of a defined, tested, and listed system that seals the non-condensing gas hearth appli- 
ance and its venting components from the home environment. Installed properly according to its listing and the appliance 
manufacturer's instructions, a direct vent system supplies adequate combustion air directly to the appliance from outdoors 
through one pipe and exhausts combustion by-products directly to the outdoors through a separate pipe (see above for PVC 
plastic pipe used in direct vent configurations for condensing gas hearth appliances). The system must, however, be installed 
according to appliance manufacturer instructions. The details of those instructions vary by manufacturer and by appliance, but 
it is useful to look here at the direct vent installation issues that call for close attention. 

Direct vent is a sealed system that brings in all of the appliance’s combustion air from the outdoors and exhausts combus- 
tion by-products to the outside. No other source of combustion air is necessary. 

Direct vent is now available with listed power vent (mechanical draft) systems from some manufacturers. On some units, 


1 NFGC-12, -09, -06: Table 12.7.2; NFGC-02: Table 10.6.2; NFGC-99: Figure 7.6.2 (a) 
2 IFGC-12, -09, -06: Figure 503.6.4; IFGC-03, -00: Figure 503.6.6 

3 NFGC-12, -09, -06: 12.7.2; IFGC-12, -09, -06; 505.6.6 

4 IFGC-12: 504.2.9; NFGC-12: 13.1.11 
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| Venting Installation Guidelines 


the power vent is a listed option; on some others, a powered “draft assist” or “induced draft” system is a required component. 
We look at direct vent systems that do not use powered fans for draft first (and refer to them simply as direct vent), then at 
mechanical draft direct vent systems (and refer to them as power vent). 


9.3-1 Direct Vent Components 


Direct vent components must be listed for use with the specific brand and model of gas hearth appliance. No components 
should be substituted or interchanged. Field construction of some components may be allowed, following manufacturer’s 
instructions. 

There are two types of direct vent systems: 

Coaxial direct vent. A smaller pipe that is fixed with spacers inside a larger outer pipe removes combustion by-products, 
while the space between the two pipes introduces combustion air to the appliance. Coaxial pipes may be rigid or flexible. 

Colinear direct vent. There are two separate pipes, one for combustion air intake and the other for combustion by-prod- 
ucts discharge. The pipes are typically flexible pipes. Clearances for coaxial and colinear systems may vary. 

The appliance manufacturer may identify a minimum list of components that must be used for every installation. Com- 
mon components include: 

Firestop spacer (firestop). The firestop provides lateral support for the vent, maintains clearance for the penetration of 
floors/ceilings, and prevents unwanted communication and air flow between building levels. Firestops are required at every 
floor/ceiling through which the direct vent pipe passes. Firestops may also be required for through the wall installations. A 
firestop may be required on both sides of the wall. The firestop may include a shield that must be positioned at the top of 


Direct vent: How it works 

In some respects, it may seem unnecessary to look into how direct vent works since the configurations of direct vent 
systems are set and limited by the appliance manufacturer's instructions. Knowing, however, that requitements that are 
understood are more likely to be followed, we offer a brief explanation of the principles of non-powered direct vent by 
means of questions and answers. 


What is the force that does the work of sending exhaust out and bringing in combustion air? 

It’s as important in the case of direct vent to identify the source of this force as it is to identify the force itself, Combustion 
in the sealed firebox of a direct vent appliance creates heated gases that have the force of buoyancy and expansion. The force 
of heated gases rising out of the appliance, natural draft, initiates the movement of gases out the exhaust pipe of the direct 
vent. Within vertical portions of the exhaust pipe, the pressure of buoyancy adds to the force that drives the gases out the 
termination. Within horizontal portions, the difference in pressure/weight of cold intake air and warm exhaust gases sustains 
the force. 


What is the force that brings combustion air into the appliance? 

Since the appliance and direct vent are a sealed system with only the entrance to the system at the direct vent intake and the 
exit at the direct vent termination outlet, the evacuation of gases from the appliance by means of natural draft and expansion 
creates the vacuum of negative pressure in the intake pipe. The exhaust gases cannot exit the direct vent termination unless 
replacement air is drawn into the intake pipe (and consequently into the appliance). The incoming combustion air supports 
continued combustion, which continues to create draft in the appliance to drive the exhaust out. 


If the initial force is natural draft, how is it possible to have direct vent configurations that are totally horizontal 
or very short vertically? 
There are two interrelated concepts at work. First, the inlet and exhaust are in the same pressure zone. This is different from 
conventional vent gas and natural draft solid fuel venting systems, whose intake and exhaust are not only separate and dis- 
tant; they are indoors and outdoors and at different heights. The force of draft that is created in these appliances cannot be 
counted on to be strong enough to overcome the adverse effects of negative pressure in the house or positive pressure varia- 
tions (for example, from strong wind) at the termination. 

Pressure variations with direct vent, however, occur where both the intake and exhaust openings are located. The result is 
the second important concept, balance. The pressure of the exhaust equals the pressure of the intake. Forces that affect pres- 
sure act on both parts of the system equally. 
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the opening. Framing for a wall firestop must be done carefully to ensure both that the 
firestop fits in the opening as well as meeting the appliance manufacturer’s minimum 
pipe clearances (which may be different for different portions of the pipe). 

Attic Insulation Shield. The attic insulation shield prevents contact between the 
pipe sections and attic insulation or debris. Attic insulation shields must be installed 
where the venting system passes through an attic space. The vent or appliance manufac- 
turer may also require that a vent be enclosed if it passes through occupied spaces above 
the first floor, including closets and storage spaces. The enclosure must meet required 
clearances from the pipe. 

Elbows. Direct vent elbows are available in 45 and 90 degree offsets. Appliance man- 
ufacturers specify whether an elbow can be used off the top of the appliance or whether 
there must be vertical rise before the elbow. Proper support of offsets (elbows and pipe 
sections between) is an important safety consideration. Strap components or approved 
strapping material should be installed to provide support. Attention should be paid to 
minimum clearances to combustibles parallel to the inclined pipe section and to offset 
penetrations of floors/ceilings/walls. 

Adjustable length pipe. Coaxial direct vent pipe should not be cut, unless specified 
by the manufacturer. Adjustable length pipe sections accommodate connection for odd 
distances between vent sections and fittings. Manufacturer’s instructions specify limita- 
tions of adjustable length sections use and methods of securing the sections. 

Roof flashing (adjustable flashing). If the vent penetrates the roof, a roof flashing 
and storm collar seal the opening and help secure the vent laterally. The top edge of the 
flashing is secured under the roofing material. 

Termination caps. Specific termination caps are designed for each of the two differ- 
ent termination possibilities (horizontal or vertical). Each cap is designed specifically for 
the type of installation. A snorkel cap may be available for a horizontal vent installation 
that requires vertical rise on the exterior of the building. Manufacturer's instructions for 
specific information and listing for use of this and other types of caps. 

Wall strap. The wall strap provides lateral support for the vent pipe and maintains 
proper clearance to combustibles. 


9.3.2 Direct Vent Assembly 


Coaxial direct vent pipe typically uses a twist-lock or snap-lock assembly. Some require 
screws. The vent manufacturer may indicate that the seams of adjoining pipes should 


not align with one another when properly assembled. Vent or appliance manufacturers may require or recommend appli- 
cation of a bead of specified sealant to ensure a tight fit at the joints (some for external pipe joints, others for both external 


and internal joints). 


Rigid coaxial direct vent 


Combustion air into direct 
vent hearth product 


Combustion 
product to 
outdoors 


© 1996 Gas Research Institute 


Flex coaxial direct vent 


© 1996 Gas Research Institute 


Colinear direct vent 


© Travis Industries, Inc. 


Appliance manufacturer instructions may require sealing of joint connections. The manufacturer may require only that 


the outer pipe be sealed with a high temperature sealant, or that both the inner and outer Pipes be sealed with high tempera- 
ture sealant, or that different sealants be used for the inner and outer pipes. Venting manufacturers may specify sealing joint 


connections as optional, unless specified by the appliance manufacturer. 


Careful attention must also be paid to using the right components and proper assembly procedures in connecting direct 
vent to the appliance and in positioning the inlet and outlet pipes at the termination. Assembly instructions vary by manu- 
facturer and even by appliance. Read and follow instructions specific to the installed appliance carefully. 


9.3-3 Direct Vent Configurations 


The route of a direct vent system and the components to be used depend completely on the appliance manufacturer’s in- 
structions. The venting components and the appliance are a sealed, balanced system. Direct vent appliance manufacturers 
test and list all allowed configurations. Only manufacturer-approved configurations can be used. Allowable configurations 


vary by manufacturer AND by appliance. 
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Venting Installation Guidelines 


Clearances for direct vent components may vary, not only between manufac- 
turers, but also between different parts of the installation (such as clearances to 
vertical and horizontal pipe sections). Both safety and system performance can 
be affected by failure to follow those specific instructions carefully. Some of the 
configurations and related installation issues include: 


9.3.3.1 Totally Horizontal Direct Vent 

If the appliance can be vented from the rear (as the only place or as an option to 
top venting), the appliance manufacturer will indicate whether the direct vent 
system can be totally horizontal and under what conditions. Installation issues 
for a totally horizontal vent include: 

* Length of horizontal run. The appliance manufacturer will specify the maxi- 
mum length of the horizontal run and the spacing of support, if needed. nodes 
* Pipe position. The appliance manufacturer will specify whether the pipe can vented to 
be installed level or whether it needs a horizontal run incline. Some manufactur- outside 

ers do not require an incline, others require 1/4" per foot rise, still others may if I 

require a 1/2" per foot rise for flex pipe, but no rise for rigid pipe. Non-powered 

direct vents should not run downward; the unit may stop functioning or resulting 

high temperatures in the pipe could cause a fire. (Some power vents allow vertical drop in piping, : 

* Appliance shields. If the appliance has outlets for both top and rear venting, the unused exit must have the appropriate 
shield in place and the shield must be removed according to instructions from the exit to be used. 


Direct vent horizontal venting 


Combustion 
air from 
outside 


Combustion 


9.3.3.2 Combined Horizontal and Vertical Direct Vent 

If elbows can be used with a direct vent appliance to turn the direction of the pipe from horizontal to vertical (or vice versa), 
the appliance manufacturer will give very specific instructions for a number of options, such as the following: 

* Degree of turn in elbows. The manufacturer may indicate a preferred or required degree of turn in elbows. For example, 
a manufacturer may recommend using a 90° elbow to turn the vent at a right angle (not to turn from horizontal to vertical) 
from a rear exit appliance instead of using a 45° elbow. (Or a 45° elbow may be recommended over a 90° elbow to offset 
vertical pipe.) 

* Relationship of number of elbows, minimum vertical rise, maximum horizontal run, and maximum total vent length 
(combined horizontal and vertical). Appliance manufacturers give instructions, including charts and diagrams, that indicate 
how little vertical, how much horizontal pipe, and how long the total of horizontal and vertical pipes can be in an installation 
with a certain number of elbows. 

The minimum total length of the vertical part (minimum height) of the venting system increases with the length of the 
horizontal runs and may increase with an increasing number of elbows. A freestanding natural gas appliance may have a dif- 
ferent minimum vertical height than that for a propane appliance. 

‘The manufacturer may recommend or require the use of baffles or restrictors to reduce draft and thereby improve flame 
appearance for systems above a certain height. Some manufacturers build restrictors into the appliance that allows adjust- 
ment of the exhaust and/or the intake portions of the venting system. 

The maximum horizontal run of the pipe is usually determined by the vertical height of the system, increasing as the 
height increases. An increasing number of elbows may reduce the total horizontal run. The position and length of the vertical 
section (for example, taking off immediately from the top of the appliance rather than starting with an elbow) may affect (in- 
crease) the allowable horizontal run. Close attention must be paid to the diagram and chart to understand the requirements 
for cach part of a system that has more than one horizontal run. 

The total length of the system (combined length of all vertical and horizontal sections) will also be indicated by the appli- 
ance manufacturer for different configurations. Measurement is made from the floor to the termination for direct vent systems. 
9.3.3.3 Totally Vertical Direct Vent 
‘The appliance manufacturer supplies instructions for totally vertical venting, including: 

Maximum vent height. The manufacturer will specify the maximum vertical length (height) of the venting system. In addi- 
tions, recommendations for the use of baffles or restrictors may be included to improve flame appearance by restricting draft. 
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9.3-3-4 Common Venting 
Appliance and venting manufacturer’s instructions prohibit direct vent gas hearth 
appliances from sharing venting with another appliance. 


Direct vent horizontal 
with snorkel cap 


9.3.3.5 Direct Vent Termination 


Direct vent termination is a critical part of the installation. Like termination of ia 

other vent types, direct vent terminations release heat and combustion by-prod- 

ucts. Unlike other vents, however, direct vents may terminate on the side wall of Approved 

a house, in proximity to structures such as decks and to passageways for people. In peouen 
addition, direct vent terminations are also the inlet point for incoming combustion (may ‘aire 
air, a situation that raises additional issues. Again, termination requirements may snorkel cap or 
vary by manufacturer and by governing code, but issues to be considered regarding vertical rise) 
direct vent termination installation include: we 
Termination Components Direct vent stove 

For side wall terminations, termination components may include wall firestops 

or radiation shields and cover plates to enclose the opening through which the 


pipe penetrates the wall. For some manufacturers the exterior wall firestop may 
be part of a square termination cap, but a separate component for round caps. 
‘There may be a vinyl siding standoff required to reduce exterior wall tempera- og Direct 
tures to avoid damaging vinyl siding. [7 Cx Vio vent 

Termination caps vary for different applications and between manufacturers. 
Since the cap is part both of the combustion air inlet and combustion by-products 
exhaust systems, special care must be taken in selecting the appropriate manufac- 
turer specified termination cap and installing it properly. Choices include round 
and square caps, horizontally mounted caps for side walls and vertical caps for installation above roof lines, and snorkel caps to 
provide vertical rise for a horizontal pipe installation. The snorkel termination must be installed a minimum distance above the 
ground, and adequate drainage must prevent water from entering the snorkel. The snorkel must not be enclosed within a wall or 
any other enclosure. Some manufacturers offer an optional high-wind termination cap for vertical above the roof terminations. 
Others may require a specific cap. Be sure to use: the recommended cap. 


Direct Vent Termination Location 

Because they expel heat and combustion by-products, side wall terminations are subject to a number of clearance require- 
ments. Since manufacturers’ instructions and local code requirements may vary on these clearances, close attention must 
be paid to these details. We offer on the next page a typical diagram with typical clearance requirements for illustration and 
training purposes. Refer to manufacturer's instructions and local codes for actual requirements. 

Installation details of direct vent terminations are extensive, partly because horizontal terminations present numerous sit- 
uations and partly because the termination is not only the point of exhaust of heat and combustion, but also of combustion 
air intake. It should be noted that illustration details are not to scale nor always in realistic perspective. 

Vertical terminations. Minimum height above the roof varies by manufacturer. Some specify a minimum height (which 
varies by manufacturer) without reference to roof pitch. Others supply a chart that bases minimum height above the roof 
on ranges of roof pitch. 

Horizontal terminations. Manufacturer's illustrations show details of clearance requirements. Manufacturers’ clearance 
requirements vary somewhat, both in terms of what must have a clearance and what that distance is. Categories and exam- 
ples of horizontal termination include: 

° Clearance to structures 

e Deck, porch, balcony: above and below 

¢ Exterior walls: inside and outside corners 
Roof overhang: ventilated and unventilated soffit (vinyl or other, with or without protection) 

Adjacent building 
° Utility meters 


a 
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Venting Installation Guidelines 


Typical direct vent termination Typical clearance to direct vent terminals 
These dimensions vary from manufacturer A. 1ft. from outside corner walls 
to manufacturer. Follow only specific B. 2 ft from inside corner walls or protruding obstructions 


manufacturer’s requirements. (i.e.: chimney, etc.) 
C. 2 ft. from adjacent walls, including neighboring buildings 


D. 1 ft. from the sides and top of (or 3 ft. from the bottom of) a 
non-mechanical combustion or ventilation air supply 


E. 6 ft. from mechanical combustion or ventilation air supplies 


F. 18 in. to a ventilated soffit or an unventilated soffit located 
above the terminal within a horizontal distance of 2 ft. from 
the terminal 


G. 7 ft. above public walkways 

H. 3 ft. below windows that open 

I. 1 ft. from doors and windows that open 
J. 1 ft. from permanently closed windows 
K. 1 ft. above grade 


L. 3 ft. above and horizontally from the center-line of the 
regulator in a regulator/meter assembly 


M. 6 ft. from a gas service regulator vent outlet 
N. 16 in. above the roof 


O. 18 in. to the underside of a veranda, porch, deck or balcony 
© 1996 Gas Research Institute that has a minimum of two open sides 


. Clearance to openings 

¢ Doors and windows: permanently closed and openable (sometimes based on BTU rating of appliance) 

¢ Air supply inlet: mechanical and non-mechanical 
* Clearance above public access: walkways and driveways 
* Clearance above grade 

The fuel gas codes require the following clearances from the vent terminal to an air opening to the building for an appli- 
ance with a BTU/hr input rating of: 
¢ 10,000 or less: 6 inches 
¢ Over 10,000-50,000: 9 inches 
° Over 50,000: 12 inches.? 

In addition, these sections of the codes also require the bottom of the vent terminal and the air intake to be at least 12 
inches above finished ground level (referred to in fuel gas codes prior to 2009 as above grade). 

Other considerations for horizontal terminations involve the placement of the termination cap. Furring strips may be 
called for to ensure that the cap is plumb. For vinyl siding, a vinyl standoff component may be required. In all cases, no part 
of the termination cap can be recessed into the wall. 


9.3.3.6 Ventilation ; 
Ventilation concerns for fresh air intake and adequate combustion air from within the house are not applicable to direct 
vent systems since they are sealed off from the inside environment. As a consequence, direct vent appliances can usually be 
installed in unusually tight construction and in confined spaces, as well as in bedrooms and bathrooms, without the need 
for providing outside air. The direct vent intake pipe must, however, have direct contact with the outdoors. It is important 
to note, however, that 2012 IRC requirements for verified limited air infiltration rates in new construction may necessitate 
sealing air barrier penetrations by the venting system and/or chase for a direct vent gas hearth appliance. 
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9.4 Power Vent (Mechanical Draft Direct Vent for Condensing and Non-condensing Appliances) 


Some power vent kits are options to offer venting flexibility. Others are a required component of the appliance system. There 
are a number of different types of power vent systems for direct vent fireplaces. They are listed for use with a specific brand 
and model(s) and should only be used with these models. The installation instructions for the fan and other components, as 
well as for venting configurations must be followed closely. 


9.4.1 Power Vent Components 
Components vary significantly with different systems. We describe here some of the components of different systems. 


9.4.1.1 Fan Assembly 

A relatively small electrical blower is housed in different manners and located in different places for different designs. The fan 
housing may have minimum clearances to combustibles, as well as minimum dimensions for enclosures and requirements 
for ventilation air around the housing in confined areas. Location should also take into account future service and mainte- 
nance. We differentiate them here based on the pressure they produce in the firebox and in the vent. Each can only be used 
with the appliance(s) with which it is listed. 

Negative pressure in the vent and firebox. The fan, its housing, and wiring connections are located at the sidewall termi- 
nation of the vent. Support braces may be required to support the assembly. Termination requirements for direct vent (distance 
above public walkway, forced air inlet, building openings, corners, gas meters, grade, combustibles, etc.) must be followed. In- 
structions may include sealing the connection from the fan housing to the direct vent pipe with a fiberglass tape. Adjustment 
of an exhaust control lever for proper flame characteristics and performance may be part of the installation process. 

Negative pressure in the firebox, positive pressure in the vent. The fan, its housing, and wiring are located in the vent- 
ing configuration somewhere between the appliance and the vent termination (sometimes referred to as “power-assisted” to 
distinguish from systems with the fan at the termination, which are referred to as “power vent”). The housing is a box that 
has an inlet and outlet that accept direct vent pipe coming from the appliance and going to the vent termination. The box 
can be installed in different positions so that if can accept incoming pipe horizontally or vertically, from above or below and 
turn the direction of the pipe through the outlet in a different horizontal or vertical direction. In all the different positions 
for the box, the blower shaft must be horizontal and the pressure switch diaphragm must be vertical with the pressure hose 
connections pointed down. The fan assembly may include various sizes of restrictors, which reduce the inlet opening. The 
size of the restrictor is based on the BTU/hr input rating of the appliance. 

Positive pressure in the firebox and in the vent. The fan housing is located under the firebox and attaches to a required 
insulated duct that connects to the outdoors to provide combustion air (the appliance does not get its combustion air from 
the intake pipe on the direct vent piping). The minimum size and maximum length of the combustion air duct is provided 
in a table that takes into account the number of bends. The combustion air duct may be allowed to run downward (vertical 
drop), but the direct vent exhaust pipe may be restricted from having a vertical drop. The manufacturer may recommend 
that the combustion air intake terminate on the same exterior wall that the exhaust termination cap does to ensure that they 
are in the same pressure zone. But requirements for the combustion air duct may also include a minimum distance between 
the intake and the exhaust termination. 


9.4.2 Wiring and Connection to Control Valve 


Manufacturer's instructions provide wiring diagrams that must be followed. Basically the fan is powered by house current 
(110 VAC or stepped down to 24 VAC) and interlocked with the gas control valve. A pressure switch connection also allows 
interlocking with the control valve. In this manner, when the appliance is turned on, the fan operates for a set amount of 
time before the appliance lights. ‘The fan also continues to run to expel exhaust a set amount of time after the appliance is 
shut off. If flame is unexpectedly lost, the fan stops operation and if the fan shuts off unexpectedly, the gas flow to the ap- 
pliance stops. ‘The position of wiring and pressure hoses must be according to instructions, including avoiding the path of 
hot exhaust air. 


9.4.3 Venting Configurations 


Each power vent system has different venting parameters that determine maximum vent length, horizontal run, number of 
bends, and allowed directions. Some power vent allow vertical drop of the venting and specify the maximum; others do not 


allow vertical drop. Common venting of more than one appliance is not allowed. 
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Venting Installation Guidelines 
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9.5 Unvented Appliances 


Although there are no venting components or system to be installed with un- 
vented appliances, there are installation issues related to ventilation worth con- 
sidering here. 

Unvented appliances are tested to conform with regulatory standards for ac- 
ceptable level of unwanted combustion by-products. Ventilation through the 
home eventually carries combustion by-products outdoors. To ensure that 
harmful or nuisance substances such as carbon monoxide, nitrogen oxide, and 
water vapor are maintained below accepted minimum levels, it is essential that 
there is adequate ventilation in the home. Local codes, which may restrict or 
prohibit installation of unvented appliances, must be consulted. 

The fuel gas codes require adequate ventilation sources and methods for ven- 
tilation. Ensuring that there is adequate ventilation for unvented appliances is 
part of the installation process. 
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Conventional Vent Appliance 
installation Guidelines 


Correct hearth system installation is critical and imperative for reducing fire hazards and perilous conditions that can arise 
when gas appliances function improperly. The wide array of gas hearth products requires the installer and service technician 
to be aware of the varying safety and installation considerations. Whether installing gas log sets, gas fireplaces, gas fireplace 
inserts, or gas freestanding appliances, the installer must follow manufacturer's instructions and conform to appropriate 
building and safety codes. For guidelines on interpreting both manufacturers’ instructions and regulations. 

Gas hearth appliance equipment and installation must conform to appropriate local codes and applicable state and federal 
energy conservation requirements. Familiarity with these requirements before installation is essential. Important consider- 
ations to discuss with local building officials include: 
¢ Applicable codes (International Fuel Gas Code, National Fuel Gas Code, etc.) 

* Local codes and amendments to national or state codes 

* Recognized and required testing labs (American Gas Association [AGA], Underwriters Laboratories [UL], Intertek Test- 
ing Service [ITS], etc.) 

° Annual Fuel Utilization Efficiency (AFUE) 

° Permit requirements and cost 

° License requirements for installation of appliance, venting, and gas supply line. 

In the absence of local codes, installation should conform to either the International Fuel Gas Code (IFGC), available on- 
line at www.iccsafe.org or by phone at 800-786-4452, or the National Fuel Gas Code, also known as ANSI Z223.1-NFPA 
54, available online at www.aga.org, phone at 866-816-9444 or online at www.nfpa.org or by phone at 800-344-3555. The 
National Fuel Gas Code, is also available in a free access online or mobile device/tablet version offered in the public inter- 
est through the National Fire Protection Association (NFPA) by signing in at nfpa.org/freeaccess. The document cannot be 
downloaded or printed. Searching is limited to chapters. 

Proper installation begins, proceeds, and ends with constant safety awareness. Unqualified persons should not attempt 
gas appliance installations. For personal safety, the installer must be familiar with the properties and hazards of fuel gases, 
potential electrical hazards, and the dangers of burns from operating appliances. Appropriate caution and awareness should 
always be applied in situations such as repair procedures that require the control or the termination of gas and electric supply. 
Constant alertness is called for in shutting off gas and/or electricity when necessary. Working on roofs and other hazardous 
places calls for proper awareness and precautions. 

For the home occupants’ safety, the installer must follow manufacturers’ instructions and appropriate code requirements 
exactly and without compromise. Proper tools, safety sensing and diagnostic equipment are essential. Communicating clear- 
ly with homeowners about appliance operation may be called for. Making sure the homeowner has a copy of the manufac- 
turer's operating instructions is essential. 

A discussion of installation guidelines begins with often repeated — because they are important — stipulations: 

* Gas appliances and accompanying equipment should be tested, listed, and acceptable to the authority having jurisdiction. 
* Manufacturers’ installation instructions should be followed exactly. 

* Installations should be undertaken only by qualified technicians with credentials acceptable to the authority having 
jurisdiction. 

The guidelines offered here provide indications of the factors involved in safe installations. 

Considerations for all gas hearth appliances include: 

* Prohibited Installations. Certain locations that present potential safety hazards are prohibited. Both the use and the size 
of the room for an intended installation may determine whether an appliance may be installed in the room. ‘The planner 
and installer must know whether applicable codes and manufacturer’s instructions prohibit installation of an appliance in 
areas such as bedrooms, bathrooms, or in a space that does not have adequate volume to provide sufficient combustion air. 
* Protection of Combustibles. Careful attention must be paid to manufacturer’s instructions regarding appliance clear- 
ance to combustibles and specifications for combustible floor protection. These air space clearances and protection speci- 
fications must not be compromised since combustion can occur without direct contact with flame. A common clearance 
consideration with gas hearth appliances is the mantle above fireplaces and adjacent walls. 

Conventional vent appliance installations require consideration of combustion air requirements because they interact 
with the environment of the interior of the home. 
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Conventional Vent Appliance Installation Guidelines 


10.1 Vented Gas Log Set in Solid Fuel Fireplace Installation Guidelines 


We look now at key installation issues for the different types of conventional vent gas hearth appliances, beginning with gas 
log sets listed to ANSI Z21.60/CSA 2.26 Decorative Gas Appliances for Installation in Solid-fuel Fireplaces. 


10.1.1 Fireplace Conditions 


The fireplace must be constructed of noncombustible material (masonry or factory-built) and have a working flue that sup- 
plies adequate draft (or that has been corrected with an approved mechanical vent system. The fireplace must be designed for 
burning solid fuels and be connected to a working flue. The size and height of the flue may have to be considered in order 
to assure proper draft. Care should be taken to determine that the chimney has not been abandoned by blocking it off or 
by removing it above the roofline. 

‘The manufacturer's installation instructions may require a spillage test. With doors and windows in the home closed, the 
log set is operated for a specified amount of time (with fireplace glass doors, if present, fully open). A smoke source (smoke 
match or candle, incense stick) is held below and moved across the entire width of the top of the fireplace opening. Checking 
for obstructions, opening the damper fully, and/or increasing outdoor air supply may be necessary if spillage occurs. 

Assessing the suitability and condition of a solid fuel fireplace can be an important part of planning and installation 
of the gas hearth appliance. Inspection of the chimney may be a routine process for properly built and maintained chim- 
heys, or it may be a difficult and complex procedure involving judgment about concealed areas. NFPA 211, Chimneys, 
Fireplaces, Vents, and Solid-Fuel Burning Appliances, outlines a systematic approach to inspections to be undertaken by 
qualified technicians.! 

‘The manufacturer's instructions specify minimum depth, height, and front opening of the fireplace. 


10.1.1.1 Chimney Size 

The manufacturer’s instructions may specify the minimum flue size (area) in re- 
lation to the size of the fireplace opening or may specify the minimum flue size 
and minimum flue height for each log set model. 


Vented gas log set: 
masonry fireplace 


10.1.1.2 Damper Opening 

Manufacturer's instructions may specify a minimum permanent free opening. 

The manufacturer may also supply a damper stop or damper clamp, devices to 

keep the damper either fully open or partially open to a least the specified mini- 

mum permanent free opening. Other methods may be recommended, including 

fixing the damper by screw, bolt at damper edge, or hole in the damper. NOTE: 

some jurisdictions require that the damper either be removed permanently or 

welded in the fully open position. Regardless of the method of ensuring aperma- Masonry 
nent opening, manufacturer's operating instructions typically call for the damper chimney: 


to be fully opened during operation. proper working 
. condition and 
10.1.1.3 Fireplace Screen height 


A fireplace screen must be in place; operating instructions call for the mesh screen 
to be closed during operation. If glass fireplace doors are in place, they should be 
fully open during operation. 
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. Damper: 
10.1.2 Appliance blocked to 


10.1.2.1 Log Placement ee 
+ ; we opening or 
Manufacturer's instructions specify the position of all or some of the logs. Correct removed 
placement according to instructions is very important for combustion efficien- 
cy. Incorrect placement can cause contact with and cooling of the flame (lame Vented 
impingement), which can cause the production of soot and carbon monoxide __ 845 !og set 
(CO), an odorless, tasteless, toxic gas. Following log placement instructions care- 
fully applies to all gas hearth appliances with moveable logs. 


1 NFPA 211-13, -10, -06, -03: Chapter 14; NFPA 211-00: Chapter 11 
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10.1.2.2 Media Placement 

Materials are typically placed below the main burner and logs in a pan or other container to conceal the pan, to distribute 
flame, and to give the appearance of embers and ashes. A fine sand is generally used for natural gas burning gas log sets. Ver- 
miculite may be generally used for propane or natural gas burning sets. In addition, either may be supplied with rock wool, 
lava rock, or volcanic cinders. For a contemporary look, some manufacturers are using crushed glass or glass pebbles instead 
of logs. ‘Ihe media materials should be placed in accordance with manufacturer's instructions for placement and quantity. Fol- 
lowing media placement instructions applies to all gas hearth appliances. 


10.2 Type B Vent Gas Fireplace Installation Guidelines 
We look now at gas fireplaces employing Type B vent. Included in the discussion below are built-in appliances listed to ANSI 


Z21.50/CSA 2.22 Vented Gas Fireplaces and ANSI Z21.88/CSA 2.33 Vented Gas Fireplace Heaters. 


10.2.4 Floor Support and Protection 


Manufacturer's instructions specify what materials are allowed under the fireplace. While most gas fireplaces can be installed 
on combustible flooring such as wood, other surfaces such as carpet or vinyl flooring may not be approved under the unit 
by some manufacturers, or may require a metal or wood panel between the flooring and the unit. The appliance should be 
level and plumb, with adequate support beneath it. 

A hearth extension to protect combustible flooring or sub-flooring in front of the appliance may be required and speci- 
fied, or may not be required if the fireplace is installed a certain height above the floor. For gas fireplaces, the specific non- 
combustible material and its thermal characteristics may not be given (unlike some solid fuel appliances), or the specifica- 
tion may be simply a common material like 1/2" cement board. Minimum dimensions for hearth extensions vary both by 
manufacturer and by model. Some appliances do not require a hearth extension. 
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Conventional Vent Appliance Installation Guidelines 


10.2.2 Firebox Framing 

Inspection of proper framing usually requires, of course, seeing the installation before the fireplace facing is applied. Most 
gas fireplace fireboxes include metal standoffs, usually V shaped, to ensure proper minimum clearances. ‘These standoffs can 
be in contact with combustible framing, but careful attention must be paid that the standoffs are not bent out of shape or 
flattened and that the combustible members that they contact are not notched to accept them. A manufacturer may require 
that a standoff be swiveled upright from a shipping position over (and blocking) the vent collar to its installation position, 
and then be secured in place. 

A manufacturer may also include specific requirements about the framing. For example, the header installed above and 
across the fireplace opening must be metal if installed flat (horizontally) rather than on edge (vertically). Metal studs may 
be required around the fireplace, or just the header may be required to be metal. A noncombustible cement board may be 
required in the area framed by the front studs and the header. On other units, drywall (which, if paper-faced, is considered 
is combustible) may be acceptable above the top of the appliance facing, 

Nailing tabs on the sides of the firebox are used to secure the unit in place to the framing members. 


10.2.3 Fireplace Face 

The finish work for the face of the fireplace requires considerable attention to detail for proper installation. There is wide 
variance in these details, not only from manufacturer to manufacturer, and from one manufacturer's models to others, but 
even with different trim options for the same appliance. The current and specific manufacturer's instruction manual for the 
appliance model in question is an essential tool in ensuring proper installation. Primary areas of concern regarding fireplace 
face finish details include: 

Metal face of the fireplace. Often referred to as the surround, the area of exposed metal cabinet around the fireplace open- 
ing cannot have any combustible materials installed over it. Manufacturer's instructions indicate whether noncombustible 
materials can be attached to the surround, and if so, by what means (for example, by means of a 300°F adhesive) and how 
close the materials may be to the fireplace glass/door area, depending on the thickness of the material. Noncombustible ma- 
terials installed over the surround must not overlap or obstruct any air inlet/outlet grilles, unless specified by the manufac- 
turer's instructions. 

Joint between the fireplace and the adjoining area. The manufacturer may specify that the joints between the fireplace and 
the finished wall around it do not have to be sealed, but if sealing is required, a high temperature sealant may be required. 

Combustible projection past face of fireplace. Manufacturer's instructions may indicate a maximum projection of com- 
bustible facing or trim and/or the minimum clearance to the fireplace. Some instructions indicate that combustibles that 
project a certain distance beyond the face of the fireplace are to be treated as a mantel with regard to clearances. 

Mantel. Manufacturers provide charts or diagrams that indicate the required minimum distance between a point on the 
fireplace to the bottom of a combustible mantel or other projection. The measuring points on different fireplaces include: 

° the top of the appliance (top of the front of the metal cabinet) 
* from the top of the door/glass area that protrudes out from the metal cabinet (referred to as the faceplate or face) 
° the bottom of the appliance (bottom of the front of the metal cabinet). 

‘The charts show different minimum clearances for different amounts of mantel depth (and maximum mantel depth). The 
farther out the mantel protrudes, the greater the clearance above the measuring point on the fireplace. 

Charts or diagrams also detail the differing clearances and maximum protrusion for legs, or sides, of a combustible man- 
tel. The measuring point on the fireplace is typically the side of the fireplace cabinet. 

A manufacturer may require the same clearances for noncombustible mantels as for combustible mantels. 

Space below front of appliance. A space between the bottom of the faceplate/face (door/ glass area that protrudes from the 
appliance cabinet) and the bottom of the cabinet may have to be maintained for access door opening and for air flow. If so, 
that area must not be covered with facing materials. 


10.2.4 Vented Gas Fireplace: Venting Installation Issues 
Proper venting materials and installation are critical to hearth system performance and safety. 
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10.3 Conventional Vent Gas Fireplace Insert Installation 


Fireplace insert installation discussed below are listed to ANSI Z21.88/CSA 2.33 Vented Gas Fireplace Heaters. In addition, 
condensing fireplace inserts are tested to CSA Interim Requirement 109 Vented Condensing Gas Fireplace Heaters. 


10.3.1 Fireplace Conditions 

Gas fireplace inserts can be installed in approved factory-built and masonry solid fuel fireplaces and in some cases, in a listed 
close clearance enclosure (see 3.2 below). For fireplace installation, manufacturers call for the fireplace and chimney to be in 
good working order, to be constructed of noncombustible materials, and to be inspected and cleaned by a qualified agency. 


10.3.1.1 Floor Protection 
Protection requirements for each appliance vary according to the manufacturer's installation instructions. Some inserts do 
not require floor protection, while others have specific requirements for the hearth extension. 


10.3.1.2 Fireplace Firebox Preparation 

The fireplace and chimney must be inspected and cleaned prior to installation of the insert. Alterations that must or can be 
made to the fireplace differ with manufacturers and models, and also with factory-built and masonry fireplaces. It may be 
required for both fireplace types that a manufacturer supplied label be affixed to the lower back wall of the fireplace. The la- 
bel warns that the fireplace has been altered and cannot be used with solid fuel unless all original parts are replaced and the 
fireplace re-approved by the AHJ. 


Factory-Built Fireplaces. Variations that may be found in some fireplace insert manufacturers’ instructions include: 
¢ damper and grate must be removed 
° firebrick (refractory material), smoke shelf, baffles, screen, doors can be removed 
* insulation around the firebox and any rigid frame members (metal sides, floor, door frame, face of fireplace) cannot be 
removed 
* metal floor of the fireplace can be removed to facilitate installation, but the leveling legs of the insert must be used to raise 
the insert to create a specified minimum airspace clearance below the insert. 

Close attention must be paid to the fireplace insert model's current installation instructions, since there are important 
differences in instructions. 

Masonry Fireplaces. The insert manufacturer's instructions may call for construction details and structural conditions of 
the masonry fireplace in accordance with National Fire Protection Association NFPA 211 Standard for Chimneys, Fireplac- 
es, Vents, and Solid Fuel-Burning Appliances. 


Manufacturer’s instructions require the damper to be open and secure from falling or to be removed completely. 


10.3.1.3 Fireplace Facing 

The trim panel (surround, trim kit), the metal covering that surrounds the fireplace insert opening, is typically designed for 
installation with a gap on the sides and top between it and the original facing of the fireplace. Manufacturer's instructions 
specify that this gap be maintained without obstruction (for air circulation and cooling). A strip of insulation along the top 
of the insert may be required for mantel clearances, but no combustible material may be behind the trim panel. The in- 
structions may allow installation of the insert without the trim panel if a minimum gap between the unit and the fireplace 
is maintained (a wire screen mesh may be installed in this gap). 

Careftil attention must be paid to the instructions regarding the area around the trim panel in factory-built fireplace in- 
stallations. Air inlet grilles are important components of the cooling system of some factory-built fireplaces, so it is impera- 
tive that the listing and instructions of the fireplace insert be followed carefully. 

Clearances to combustibles are indicated in the manufacturer's instructions. Mantel clearances vary depending on the 
depth of the mantel. 


10.3.1.4 Fireplace Insert Venting 

Gas fireplace insert manufacturers require that the insert be vented by means of a lining system within the fireplace chimney 

flue. Inserts must be vented directly to the outside and never be connected to a fireplace flue that serves a solid fuel appliance. 
Appliances with draft hoods (some are factory installed and some must be attached during installation) are vented with 

‘Type B vent or with approved stainless steel or aluminum liner. Liner materials can be flex or rigid, or a combination of the 

two. Vent size is determined by appliance manufacturer's instructions. 
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Conventional Vent Appliance Installation Guidelines 


With any of these materials, the vent must extend from the appliance to the top of the chimney. Approved termination 
components must be used and the top of the chimney around the vent/liner must be covered and sealed. 


10.4 Freestanding Gas Hearth Appliances Installation Guidelines 


Freestanding; type B vent 


Roof flashing 
& storm collar 


The fuel gas codes take a stronger position by indicating that their 
vent sizing tables in the fuel gas codes are not applicable to vents exposed 
to the outdoors below the roof line.” Since 2006 the fuel gas codes, how- 
ever, identify conditions for two exterior locations where the vent would 
not be considered to be exposed to the outdoors: 

* where the B vent passes through an unused masonry chimney flue 
* where the B vent passes through an unventilated enclosure or chase 
insulated to a value not less than R8.3 

In the 2012 editions, the fuel gas codes make additional requirements 


10.4.1 Floor Protection 


Manufacturer's instructions may indicate that the freestanding appliance can be in- 
stalled directly on a solid combustible floor, but that a bottom heat shield is required 
for installation directly over materials like carpet and vinyl. Other manufacturers may 
require a metal or wood panel or a listed hearth pad that extends the width and depth 
of the appliance to be installed on top of carpet or vinyl flooring. 


10.4.2 Clearances 

Manufacturer’s instructions specify clearance to combustibles (from the front, sides, 
tear, and corners of the appliance). They may emphasize that the appliance cannot be 
recessed into combustible construction materials. 


10.4.3 Venting 
10.4.3.1 Non-Condensing Appliance Venting 

Configurations include totally vertical (through the ceiling and roof) and combined 
vertical and horizontal (through a wall and vertically to above the roof). Totally hor- 
izontal venting is not allowed for Type B vent. Type B vent can be used also as a vent 
connector from the appliance to 

a masonry chimney, and as a vent B-vent termination chart 

within the chimney. Manufacturer 
instructions specify vent size. Ap- _Listed 
pliance and vent manufacturers cap 
recommend against exterior instal- 
lation of Type B vent without pro- 
tection in cold weather climates. gas 


H (minimum) - 
Minimum height from roof 
to lowest discharge opening 


for B vent exposed to the outdoors above the roof line, based on their Roof pitch H (minimum) ft m 
requirements and illustration of termination locations for gas vents with Flat to 6/12 1.0 0.30 
listed caps that are 12 inches or less in diameter, and that are at least 8 6/12 to 7/12 1.25 0.38 
feet from a vertical wall (see illustration on this page). The new require- a Aes = ube af ae 
ment calls for B vent pipe that extends more than 5 feet above the mini- yer 9/12 to 10/12 2.5 0.76 
mum termination heights in the chart to be protected in an unventilated Over 10/12 to 11/12 3.25 0.99 
enclosure or chase insulated to a value of not less than R8 in order to —- Over 11/12 to 12/12 4.0 1.22 
avoid being classified as exposed to the outdoors.4 oe on e we = : ee 
2 NFGC-12, -09, -06: 13.1.11; NFGC-02: 13.1.9; NFGC-99: 10.1.9; IFGC-12, -09, -06, -03, - Over 16/12 to 18/12 7-9 2.13 
00: 504.2.9 Over 18/12 to 20/12 7-5 2.27 
3 NEGC-12, -09, -06: 13.1.1; IEGC-09, -06: 504.2.9 Over 20/12 to 21/12 8.0 2.44 


4 IFGC-12: 504.2.9; NFGC-12: 13.1.11 
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B-vent chimney clearance 


A component often used with freestanding appli- 
ances is the ceiling support, which supports the pipe, 
usually by means of a clamp, and establishes minimum 
clearance at the penetration of the first ceiling/floor 
above the appliance. It is critical to safety that electri- 
cal and communication wires and thermal insulation 
be kept away from the pipe at the ceiling support. The 
airspace clearance must not be violated by insulation 
being packed or blown into this area. 
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Direct Vent Appliance Installation Guidelines 


Many of the installation guidelines for conventional vent appliances also apply to direct vent appliances. The two primary 
areas that distinguish direct vent are: 

* The appliance and venting system are a listed system. Acceptable direct vent brand piping and configurations are deter- 
mined by the appliance manufacturer's installation instructions. 

* Combustion air and use of room requirements for conventional vent and unvented appliances do not apply to direct vent 
systems. The balanced venting system that provides all combustion air from outdoors and exhausts all combustion by-prod- 
ucts to the outdoors does not interact with the indoor environment of the home. 


11.1 Direct Vent Fireplace Installation Guidelines 
The direct vent built-in fireplace and its venting system are tested and listed as a system. Only the direct vent products 
specified can be used with that appliance, and only in the configurations indicated in the appliance manufacturer’s instal- 
lation instructions. The two design types of direct vent are coaxial (a smaller pipe inside a larger pipe) and colinear (two 
separate pipes). 

Direct vent is a sealed system that brings in all of the appliance’s combustion air from the outdoors and exhausts combus- 
tion by-products to the outside. No other source of combustion air is necessary. 


11.1.1 Firebox Installation 

General guidelines for direct vent fireplace firebox installation are consistent with those discussed for Type B vent fireplace 
fireboxes. Careful attention must be paid to the details of the current manufacturer’s instructions for the specific appliance 
installed. Manufacturer's instructions may list clearance to the floor as 0", or they may include information regarding a wood 
or metal panel under the fireplace if installed over carpet or vinyl. 


11.1.2 Venting Guidelines 
‘The appliance manufacturer’s instructions must be followed closely for correct installation of the direct vent system. 


11.1.2.1 Connection to Appliance 
Some manufacturers’ instructions specify a bead of stove cement or high tem- _ Direct vent: horizontal 
perature silicone around the starting collar of the fireplace to seal the connec- 
tion to the venting system. Some direct vent fireplaces can be vented from 
either the top or rear of the unit. It is important that the plate covering the 
unused opening be in place and be secured properly. A manufacturer may re- 
quire use of supplied insulation for the vent starter section on the fireplace. 


11.1.2.2 Venting Clearances 

Appliance manufacturer's instructions provide specific minimum clearances 
for the direct vent piping system. Direct vent clearances are not uniform. They 
not only vary with manufacturers and with appliances, but also with configu- 
rations and with specific areas of the installation. For example, the minimum 
clearance above and below a horizontal section of pipe may be different. 
Venting manufacturer instructions specify that in multi-story venting systems 
portions of direct vent passing through occupied spaces above the first floor, _ Direct 


Approved 


including closets and storage spaces, must be enclosed (and meet clearance vent pass-through 
requirements). fireplace & cap 
11.1.2.3 Configurations x 

Direct vent systems can be totally vertical, a combination of vertical and hori- 

zontal, or totally horizontal. For each configuration, very specific instructions 

indicate minimum and maximum vertical height and horizontal run in dif- Sbecticat 


ferent situations. ‘These specifications may differ for the different brands of 
direct vent that are listed for an appliance. Power vent applications may allow 
vertical drop (downward piping). 
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Direct vent: vertical Direct vent: intake and Direct vent: only exhaust to top 
and horizontal exhaust to top (code considerations) 
Termination cap Intake air ae ee eee ene ray ree 
(intake and Fei , chamber Termination cap 
exhaust outlet) (intake air & 
exhaust outlet) 


Intake air 
chamber 


Exhaust vent 


flex liner Exhaust vent 


flex liner 


Termination: 
air intake 
and exhaust 


Intake air 
flex liner 


Intake air 
flex liner 


Clearances 
to structures, 
openings, 
walkways, 
meter 

Direct vent 
fireplace 
insert 


11.2 Direct Vent Fireplace Insert Installation Guidelines 


11.2.1 Fireplace Conditions 

Direct vent inserts, like Type B vent inserts, can be installed in approved factory-built or masonry solid fuel fireplaces, and 
in some cases, in a listed close clearance enclosure. For fireplace installation, manufacturers call for the fireplace and chim- 
ney to be in good working order, to be constructed of noncombustible materials, and to be inspected and cleaned properly. 


11.2.2 Insert Venting Guidelines 

‘The insert manufacturer may specify that the direct vent cannot terminate horizontally and that common venting is not al- 
lowed. ‘here may be two venting options allowed: 

1. the exhaust pipe AND the air intake pipes are both connected. from the insert to the termination cap at the top of the 
chimney. 

2. the exhaust pipe is connected to the termination cap at the top of the chimney, but the air intake pipe extends above the 
damper area and terminates within the chimney. 

‘The second option may involve code and product standard considerations. Product safety standards (ANSI Z21.88 and 
ANSI 221.50) do not address using or testing masonry chimney flue space for combustion air supply. The 2006-2012 fuel 
gas codes, however, allow the space in a flue surrounding a chimney liner to supply combustion air if the direct vent appli- 
ance is installed in accordance with the manufacturer’s instructions.! 

Installation with the intake pipe terminating in the chimney therefore requires manufacturer's instructions regarding such 
an installation. Such instructions may include required blocking off of the damper area with unfaced fiberglass insulation 
or other approved noncombustible materials. Termination components must be used, and the area around the direct vent 
pipe(s) must be covered and sealed. 


1 NFGC-12, -09, -06: 9.3.8.7 Exception; NFGC-02: 8.3.8.7 Exception; IFGC-12, -09, -06, -03: 304.11.7 Exception 
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Direct Vent Appliance Installation Guidelines 


Freestanding gas appliances: 
direct vent 


Approved 
pass-through 


Approved 
pass-through & 
cap (may require 
snorkel cap or 
vertical rise) 


As an installation area where safety standards and installation instructions 
are in some conflict, it may be necessary to consult with local code authority. 


11.3 Direct Vent Freestanding Appliance 
Installation Guidelines 


11.3.1 Appliance Installation 


11.3.1.1 Floor Protection 

Manufacturer's instructions may indicate that the freestanding appliance can 
be installed directly on a solid combustible floor, but that a bottom heat shield 
is required for installation directly over materials like carpet and vinyl. Other 
manufacturers may require a metal or wood panel or a listed hearth pad that 
extends the width and depth of the appliance to be installed on top of carpet 
or vinyl flooring. 


11.3.1.2 Clearances 

Manufacturer’s instructions specify clearance to combustibles (from the front, 
sides, rear, and corners of the appliance). They may emphasize that the appli- 
ance cannot be recessed into combustible construction materials, 


11.3.2 Venting System 


As with other direct vent hearth appliances, the venting system is a listed com- 
ponent of the system that must be installed according to the appliance man- 
ufacturer’s instructions. 

Since freestanding gas appliances often replace existing woodburning appli- 
ances, there may be an existing factory-built metal chimney or masonry chim- 
ney. Gas appliance manufacturer's instructions may include approved meth- 
ods of installing direct vent into these chimneys. 

For factory-built chimneys, there may be an adapter that accepts the colin- 
ear direct vent pipe from the appliance. The adapter is secured to the facto- 
ry-built chimney. An approved pipe for exhaust installed inside the chimney 
joins the adapter and goes to the top of the chimney. Combustion air is drawn 
from the space around this pipe in the chimney. 

For masonry chimneys, the appliance manufacturer’s instructions outline 
details such as penetration of the chimney, running the exhaust pipe to the 
top, whether the intake pipe has to extend to the top, and supporting flex pipe 
so that it does not sag inside the chimney. 
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Unvented Appliance Installation Guidelines 


For jurisdictions that allow unvented gas appliance installation, there are a number of code requirements regarding combus- 
tion air calculation and sources, as well as use of room restrictions for bathrooms and bedrooms. Manufacturer’s instructions 
for unvented gas hearth appliances typically include details of calculating and providing combustion air needs. Additional 
requirements in the IFGC include: 

¢ The maximum input rating shall be 40,000 BTU/hr.! 

* One or more unvented appliances shall not be used as the sole source of comfort heating in a dwelling unit. 


12.1 Unvented Gas Log Set Installation 


Some unvented gas log sets carry dual listing to both ANSI Z21.11-2 Unvented Heaters and to ANSI Z21.60 Decorative 
Vented Appliances for Solid fuel Burning Fireplaces. Manufacturer’s instructions for such units differentiate between vent- 
ed and unvented applications, including damper position and clearances. Our discussion here is for unvented applications, 
unless otherwise noted. 


12.1.1 Fireplace Conditions 
Unvented gas log sets may be listed for installation in masonry and properly listed factory-built fireplaces, or in listed ventless 
firebox enclosures. For both factory-built and masonry fireplaces, requirements include: 

° the gas log set can only be installed in functional solid fuel burning fireplaces constructed of noncombustible materials 

° a fireplace screen that has openings for the introduction of combustion air must be in place to be used during operation 
° glass doors can be present (but they are to be opened during operation) 

* outside air ducts and/or ash dumps must be permanently closed and sealed with a high temperature sealant 

¢ the damper should be closed, but not sealed. 

ANSI Z21.11.2 listed unvented gas log sets can only be installed in UL127 
factory-built fireplaces that have been tested and listed for use with unvent- 
ed gas log sets and identified as such on the fireplace data plate. The fireplace 
chimney must be in place. Log set manufacturer’s instructions include mini- 
mum dimensions for factory-built fireplaces for each log set model. 

Unvented appliance manufacturer’s instructions typically include require- Gee 
ments that the chimney flue and firebox should be cleaned of soot, creosote, 
ashes and loose paint by a qualified chimney technician. The manufacturer 
may suggest or require a heat deflector hood, whether or not a combustible 
mantel is present. 


Unvented gas log set: 
masonry fireplace 


12.1.2 Unvented Firebox Enclosure 
Enclosures for unvented log sets should be listed to ANSI Z21.91 Ventless 


Firebox Enclosures for Gas-Fired Unvented Decorative Room Heaters. Instal- 
lation instructions for the enclosure include: 

* mounting on flat, hard, noncombustible or combustible surfaces (with 
wood or metal over combustible material other than wood) 

° framing dimensions 


=<, 
x 


| 


co 
° securing the enclosure to framing — 
* sizing of the gas log set for the enclosure Ly 
* optional fresh air intake provisions 
* installation of optional refractory panels. Damper 
Sizing of the gas log set is specified by the clearances from the log set to closed 


the sides, back, and front edge of the appliance. 
Unvented 


gas log set 


12.1.3 Appliance 

The manufacturer's instructions may require securing the gas log set frame to 
the floor of the fireplace or enclosure. The fireplace floor must be raised, using 
noncombustible materials, if it is below the hearth extension level. 
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Unvented Appliance Installation Guidelines 


Log Placement. Manufacturer's instructions specify the position of all 
logs. Correct placement according to instructions is very important for com- 
bustion efficiency. Incorrect placement can cause contact with and cooling of 
the flame (flame impingement), which can cause the production of soot and = 
carbon monoxide (CO), a tasteless, odorless, toxic gas. 

Media Placement. Placement of rock wool according to manufacturer's in- 
structions may include where and how much should be placed under the logs 
and avoiding placement in the area of the pilot assembly. Adding additional 
media may cause the production of soot and CO. 

Fuel Conversion. Until 2010, ANSI Z11.2.2 Unvented Room Heaters 
covered appliances shipped from the factory specifically for one gas only 
and prohibited fuel gas conversion. The standard now also covers “universal 
unvented room heaters,” appliances which are factory-equipped with two 
separate appliance regulators and two pilot assemblies working through a 
single valve. These heaters are factory set for propane and can be switched to 
natural gas by moving the plug on the NG regulator over to the LP regulator 
and moving a single lever/dial.? 


Unvented gas log set in properly 
listed factory-built fireplace 


Factory-built 
chimney 


12.1.4 Floor Protection 


Manufacturer's instructions specify whether noncombustible materials must 
protect the floor in front of the fireplace/enclosure or not. 


Damper: 
closed 
12.1.5 Clearances 

Manufacturer's instructions specify minimum clearances to combustibles to 
the side and above the fireplace opening. Clearances may vary for different 
log set sizes. 

The manufacturer of a dual listed (unvented and vented) log set may re- 
quire that noncombustible materials of a minimum thickness must extend for 
a minimum distance above the fireplace opening for the log set to be operat- 
ed with the damper closed. Without those specified conditions, the appliance 
may have to be operated with the damper open. If operated as a vented appli- 
ance, the damper must be blocked open to provide a specified minimum area 
(according to manufacturer’s or local code specifications). 

Mantel clearances above the fireplace opening can depend on the amount of projection from the fireplace face and the 
presence of a protective hood between the bottom of the mantel and the fireplace opening. A protective hood is often re- 
quired for factory-built fireplaces with unvented gas log sets. 


Unvented 
gas log set 


Gas line access 


12.2 Unvented Gas Fireplace Installation 
An unvented gas fireplace consists of a close clearance metal enclosure with an attached unvented gas log set. 


12.2.4 Enclosure Installation 
The manufacturer may offer the option of installing the unit in a manufactured, approved cabinet that includes a traditional 
mantel or a built-in installation in standard framing. 

‘The cabinet (and an optional base) are assembled and secured, with access to a gas line and electrical outlet, according to 
instructions. The metal enclosure and gas log set are inserted into the cabinet. A cabinet supplied or approved by the appli- 
ance manufacturer for the specific gas log set is designed to meet clearances. 

The manufacturer's instructions specify the rough opening dimensions and the method of securing the enclosure to the 
floor and the framing. A trim kit may be required for use with a mantel or noncombustible facing surrounding the opening. 


3 ANSI Z21.11.2: 1.1.4 
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The gas log set may come secured to the enclosure, or it may have to be installed and secured. Log and media placement 
must be according to manufacturer's instructions. The fireplace screen should be in place for use during operation. The man- 
ufacturer may offer an optional glass door that includes a catalytic combustor or “filter” for greater efficiency. 


12.3 Unvented Gas Fireplace Insert Installation 


Unvented gas fireplace inserts can be installed in factory-built fireplaces (when included in the insert manufacturer’ instruc- 
tions), masonry fireplaces, or in a framed-in enclosure. 


12.3.1 Fireplace Conditions 

Manufacturers may choose not to test and list their fireplace insert for use in a factory-built fireplace. Recommendations for 
masonry fireplaces that may be found in some manufacturer's instructions include: 

* the chimney flue and firebox should be cleaned of soot, creosote, ashes and loose paint by a qualified chimney technician. 


12.3.2 Clearances 
Clearances to sidewalls, ceiling, and to mantels (based on projections from the face of the fireplace) are provided in installa- 
tion instructions. A protective hood may be required for all installations. 


12.4 Unvented Freestanding Appliance Installation 


12.4.1 Floor Protection 

Instructions may indicate that the appliance can be installed on a combustible floor without protection or that a metal or 
wood panel or listed hearth pad extending the width and depth of the appliance is required under the appliance if the com- 
bustible flooring is other than wood. 


12.4.2 Clearances 
Manufacturer instructions provide minimum clearances from the top, sides, rear, and corners of the appliance. 
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Thermostats, Wall Switches, Remote Controls 


The ability of an automatic gas control valve, millivolt or electronic, to open and close gas flow to the main burner makes it 
possible to put a switch in the circuit between the source of valve electrical power and the valve. That switch can be a wall 
switch or remote control for all appliances with automatic gas control valves. The switch device can be a thermostat for heat- 
er rated vented and unvented gas hearth appliances. 


13.1 Thermostats 


A wall thermostat (or room thermostat) is a temperature actuated electrical switch that senses temperature and controls the 
on-off action of the heat source. Thermostats automatically control temperature at some location by turning gas flow to the 
main burner(s) on or off. Thermostats should only be used with gas appliances that have been tested and listed for use with 
thermostats. The appliance certification tag should include listing to a heater standard (ANSI Z21.88/CSA 2.33 or ANSI 
221.11.2). Decorative hearth appliances that do not have AFUE requirements are prohibited from using thermostats. 


13.1.1 Thermostat Components 


The parts of a wall thermostat work together to sense differences between | Thermostat components 
desired and actual room air temperature and to respond appropriately by Factory calibrated 

turning an electrically operated gas valve on and off. There are a number of tension adjustment —_ Terminal 
different kinds of thermostats, but the most common wall thermostat uses 
a bimetal sensor. 

Bimetal sensors are flat strips or coils made of two metals (such as copper 
and steel) of different expansion rates. With the bimetal strip, one end is se- 
cured. Since the two metals respond at a different rate to temperature chang- 
es, the free end of the strip (which has a switch contact) bends and moves 
toward or away from a switch contact point wired to the gas valve. (See illus- 
tration.) When contact between the two points is made, the electrical circuit 
is closed (completed), and electrical current is supplied to open the gas valve 
and supply heat. As heat causes the bimetal strip to expand, it moves away 
from and breaks contact between the switch contacts. This action opens 
(breaks) the electrical circuit and causes the gas valve to close, shutting off gas 
supply to the appliance and this source of heat to the room. 

Switch contacts complete or break the path for electrical current flow to Stationary Mobile Bimetal 
the gas valve. They are located on the free end of the bimetal strip sensor and contact contact sensor 
wired to the gas valve. In a bimetal coil sensor they are located within the 
tube of mercury. 

‘The length and gauge of thermostat wire is important. For millivolt systems, manufacturers specify minimum and maxi- 
mum length of the wiring run and the minimum wire size for that run. 

Thermostats have covers to keep dust and dirt out and mounting bases for placing the thermostat on the wall and for 
housing other parts such as fan switches. Additionally, room temperature indicators and various controls are parts of most 
thermostats. 


Temperature 
adjusting lever 


13.1.2 Thermostat Operation 


The wall thermostat is essentially an electrical switch that responds to temperature changes in order to open or close the gas 
supply to the appliance. Contraction of a bimetal strip as it cools moves the switch contact on the strip closer to the switch 
contact wired to the gas valve. A small magnet prevents electrical arcing between contacts by attracting the bimetal sensor 
as it enters its magnetic field and snapping the contact points together quickly. This action supplies the electrical current 
needed to open the gas valve. As room temperature rises, the magnet holds the contact points together until the force of the 
bimetal sensor is strong enough to snap the points open quickly. The electrical current required to keep the gas valve open is 
no longer available and the valve closes. 

With a bimetal coil, the expansion and contraction of the coil moves a small tube of mercury. When the tube is tilted so that 
the mercury covers the switch contacts inside the tube, the gas valve control circuit is closed and the valve opens. When the 
coil tilts the mercury away from the switch contacts, the circuit opens and the gas valve closes. 
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13.1.3 Thermostat Location 


Location of the thermostat is very important in achieving desired temperature levels in different areas of the house. The dis- 
tance from the appliance heat source must be taken into consideration. The fireplace manufacturer may provide a minimum 
distance from the fireplace in order to prevent short-cycling (excessive turning off and on of the unit). Additionally, thermo- 
stats should not be subject to direct rays of the sun, should not be located on outside walls, and should not be located close to 
heat sources such as heating air outlets, television sets, and lamps. The thermostat should be located in an area that has natu- 
ral air circulation and should be in the path of return air. Normally, the thermostat is elevated about five feet above the floor. 


13.1.4 Thermostat Problems 


Malfunctions of the wall thermostat include the following: 

¢ No main burner flame. ‘This is caused by impaired bimetallic 
bending. Check to see if there is foreign material such as dust or in- 
sects that would impair the normal bending action of the bimetal. If 
there is such debris, remove it. 

¢ Metal is fatigued. This can happen with age. Replace the wall 
thermostat. 

¢ Poor or no contact. Check and remove any foreign particles from 
the contacts. Examine the contacts for damage due to arcing, Replace 
the thermostat if necessary. 

* Breaks or poor contacts in wire connections. Check all connec- 
tions in the wiring on the wall thermostat, gas valve, or transformer. 

¢ No control of main burner flame. Look at bimetal contacts and 
the wire connections. 

¢ Check for shorted thermostat wires. Correct and replace wiring 
where necessary. 

¢ Improper temperature control. The temperature is too high or 
too low. First, check to be sure the thermostat is located in the proper 
place. If it has a mercury switch, be sure it is mounted in a level po- 
sition. It is possible that the bimetallic strip is out of the specification 
range. It may need to be recalibrated or set precisely according to the 
manufacturer's recommended procedures for calibration. 

* Millivolt System Thermostat too far from appliance. The cur- 
rent loss may be too great if there is too much wire or if the wire is too 
small (18 gauge wire is usually the minimum size recommended). 


13.2 Wall Switches 


Wall switches look and work like ordinary residential light switches. With milli- 
volt powered valves, however, some manufacturers recommend special switches 
designed to work with low millivolt power. 


13.3 Remote Controls 


Remote controls for gas hearth appliances work similarly to TV or car alarm re- 
motes. Typically, these remotes use radio frequency technology that operate at 
a longer wavelength that allows the signal to travel through many materials to 
a receiver that is not in sight. Some use infrared beams like TV remotes. These 
work only if they are used in sight of the remote receiver on the hearth appli- 
ance, Others are more like car remotes that use ultrasonic pulses. These remotes 
can work out of sight of the appliance. 

Remote senders (transmitters) are powered by common household batteries, 
such as 9 volt, AA, or AAA or other types of batteries. Receivers are usually pow- 


receiver 


Typical remote sender 


Terminal block 
on millivolt 
gas valves 


Thermopile~ L 
/pilot light 


Typical remote receiver: 
9 volt battery 


Appliance 
cabinet 


Terminal 


Receiver 
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Thermostats, Wall Switches, Remote Controls 


ered by AA, 9 volt, or other batteries or by household current, but new 
designs include receivers powered by thermopiles. 
Functions of different remote controls vary. They may include: 
* turn the appliance on and off 
* control temperature thermostatically 
* turn the appliance off at a set time 
° adjust flame up and down 
* adjust blower speed 
° clock functions 
° childproof limited access 
° control accent lights or other auxiliary functions. 


Typical remote receiver wiring: electronic 


ELECTRONIC MODULE 
TR TH 


110/24VAC 
TRANSFORMER 


REMOTE 
RECEIVER 


Hot Wire 420VAC 
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Installation: Putting the Appliance in Operation 


After the piping, appliance, and venting have been installed properly, certain procedures are called for in putting the appli- 
ance into safe and proper operation. The information here is for purposes of understanding these procedures, not necessarily 
for performing them. Only knowledgeable, qualified technicians should perform these procedures. Qualified technicians 
would perform the appropriate procedures outlined here before the homeowner begins appliance operation. 


14.1 Purging Air from Supply Lines 


Tn new construction or when a propane tank runs out, removing air from the gas supply 
line may be necessary. 

There are a number of methods for purging air from the gas supply lines. Typically 
in new construction where a large volume of air is involved, the pipe installer purges 
the air and gets out any metal shavings and oil residue from the lines before appliances 
are installed. 

Methods of purging smaller amounts of air from supply lines after appliance installa- 
tion include removal of the pilot adjustment screw or loosening the inward pressure tap. 
These methods give greater control and safety than disconnecting and opening the flex 
connector, which might result in the release of large amounts of fuel gas. Only qualified 
personnel should perform purging, and caution should be taken ensure that there are 
no open flames during purging. 


Testing for air in supply line 


14.1.1 Testing for Presence of Air in Supply Lines 
NOTE: Do NOT light a flame if you smell gas. 
* Place a flame at the pilot hood. 
° Engage pilot gas flow. 
Proceed to purging if pilot flame does not light and flame blows away from pilot hood. 


14.1.2 Removal of Pilot Adjustment Screw 
For some gas control valves, air is purged through the pilot adjustment screw. After the 
cover screw and gasket have been removed, the pilot adjustment screw is removed. The 
control knob is turned to PILOT and held in until gas is smelled or detected by an elec- 
tronic sniffer. Code may require use of an electronic sniffer during purging. 

The pilot adjustment screw is then replaced and adjusted to a position that results in 
a proper pilot flame. 


Purging supply line: 
_ pilot adjustment screw | 


14.1.3 Loosening Inward Pressure Tap 
With other gas control valves (all electronic and some millivolt powered valves), purg- 
ing air is accomplished through the inlet pressure tap. (Purging by breaking down a 
connector is not recommended because there can be large quantities of gas released and Purging supply line: 
no method of controlling flow.) The tap is loosened 2-3 turns. (Some valves require an _ inlet pressure tap 
allen wrench to unloosen the tap.) 

After purging, the inward pressure tap is tightened closed. It is always advisable to 
leak test the pressure tap (and cover screw), as well as any gas fitting that is disturbed. 


Remove pilot adjustment screw 


14.2 Leak Detection 


‘The appliance installer must ensure that there are no leaks in either the appliance or 
connecting gas supply line. (Pressure tests on the gas supply lines should be conducted 
before appliance installation.) 

NOTE: If a significant accumulation of gas is suspected, the National Fuel Gas Code 
suggest that the following emergency procedures be followed: 
* Clear the room, building, or area of all occupants. Do not re-enter until the space 


has been determined to be safe. 
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installation: Putting the Appliance in Operation 


* Use every practical means to eliminate sources of ignition in the building, including 
light or appliance switches, telephones, flashlights (except safety flashlights designed 
for use in hazardous atmosphere), cigarettes or matches, opening furnace doors, etc. If 
possible, cut off all electric circuits at a remote source to eliminate operation of auto- 
matic switches in the dangerous area. 

¢ Shut off the supply of gas to the areas involved. 

¢ Investigate other buildings in the immediate area to determine the presence of es- 
caping gas therein.' 

* Notify all personnel in the area and call 911, not the gas company, from a telephone 
remote from the area of the leak. 

Smelling for gas is not an adequate leak detection test. Accepted methods of leak 
detection, under normal circumstances, before putting the appliance in operation 
include: 

Leak Detection Solutions. A commercial leak detection solution applied to each 
joint and connection on the supply line and appliance can indicate a leak by the pres- 
ence of small bubbles appearing in the solution. (Soapy water is not generally recom- 
mended because it may cause corrosion of the fitting.) 


Leak detection solution test 


r 
a 
Apply commercial leak detection 


solution. Bubbles indicate a leak 


Electronic sniffer 


il O 2 
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Although inexpensive and easy to apply, these solutions may be difficult to observe in tight places. However, gently arch- 
ing the finger around the back of the fitting being leak tested will generally force all but the smallest of bubbles to the front 
for observation. 

Electronic Sniffer. These devices are designed to detect very small amounts of combustible gases; some also sense the 
presence of carbon monoxide. A loud, piercing noise indicates leakage of these gases. Electronic sniffers are very sensitive, 
generally reliable, and effective in difficult and tight areas. Sniffers, however, are sensitive to all fuel gases and to other chemi- 
cals. Caution should be taken to make sure that sewer gas, paint, gasoline, expanded foam, and other materials are not being 


detected. Certain freshly applied pipe joint compounds will also set off sniffers, so excess compound should be wiped off. 


14.3 Set Logs and Embers 


Manufacturer's instructions for log and ember placement should be followed carefully. 
Each log may have a specific location and position. An incorrect position may cause 
flame impingement, carbon monoxide, and sooting problems. 


14.4 Cycle Appliance 

The appliance should be operated according to the manufacturer’s operation instruc- 
tions and run through its cycle a few times. After running the appliance long enough 
to achieve normal operating temperatures, the pilot and burner flames should be ob- 
served for proper performance and adjusted if necessary. 


14.4.1 Pilot Flame Adjustment 
Proper pilot flame characteristics include: 

1. Correct air-gas mixture 

2. Blue color 

3. Well defined flame 

4. Efficient combustion 

5. Proper contact with thermocouple/thermopile and main burner. 

‘The pilot flame is normally adjusted by turning the pilot adjustment screw, On 
some gas control valves it is necessary to remove a protective cap to adjust the screw. 
Pilot adjustment screws are 
* turned clockwise to turn the flame down 
* turned counter-clockwise to turn the flame up. 


1 NFGC-12: Annex D; NFGC-09, -06: Annex E 


Proper pilot flame 


Thermopile Pilot hood 


© Travis industries, inc. : 


couple 


Pilot flame adjustment screw 


Clockwise: | Counterclockwise: 
flame DOWN flame UP 


© Travis industries, inc. 


Gas Reference Manual | 6th Edition 


14.4.4 Remote Control Preparation 


Typical conventional vent appliance flame illustration and definition 


Correct flame Not enough air Too much air 


\ 


5 Flames all blue and short: 
Flames blue at base, Flames tall and sooty on the top: close air shutter more 


yellow-orange on top open air shutter ae ee 
© Travis industries, inc. 


For gas control valves that have protective caps, care should be taken not to loosen the pilot adjustment screw all the way 
while adjusting an active flame. For personal safety, keep face, body parts, and clothing out of a direct line with the pilot 
adjustment port. 

Causes and corrective actions for pilot flame problems are discussed fully in Chapter 20. 


14.4.2 Main Burner Flame Adjustment 

The main burner flame is adjusted with the air shutter. A screw may have to be loosened to move the air shutter. Adjustment 
should be made with the logs in their correct position and with the main burner in operation long enough to reach normal 
operating temperatures. Manufacturers may show an illustration such as the ones shown here or they may define proper 


flames verbally. 


14.4.3 Test Limit and Lockout Devices Spillage testing: 
freestanding appliance 


While the main burner is operating, test limit and lockout devices. 


Install batteries in the remote control and receiver. Follow address setting proce- 
dures if necessary. Test functionality of remote control. 


14.5 Perform Spillage Test (Draft Hood Appliances) 


Spillage occurs when flue gases cannot exit the B vent system and back up in to 
the dwelling. Spillage is a potentially hazardous condition since most spillage is 
not detectable by color, odor, or taste. If the appliance is improperly adjusted or 
the blockage prevents complete combustion, carbon monoxide, a very toxic gas, 


may be produced. Spillage testing: appliance front 
The draft hood appliance should be operated for approximately 5-10 minutes (recessed draft relief) 


to achieve operating temperatures before checking for spillage. An open flame 
(match, lighter) or smoke (smoke match, rope) is used to determine if spillage is 
present. The flame or smoke device is moved across the draft hood or draft relief 
opening of the appliance. The flame or smoke device must be moved from edge 
to edge in a slow, meticulous manner. If the draft hood area is recessed (as with 
built-in gas fireplaces or fireplace inserts), the flame is moved across the front 
opening. If the flame or smoke is drawn into the draft hood or opening, there is 
no spillage. If the flame or smoke is blown out or away from the draft hood or 


Drawn in: Blown out: 
no spillage spillage 


: F . : _ Drawn in: Blown out: 
opening, spillage is present and corrective action should be taken before operat- no spillage spillage 


ing the appliance further. 
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installation: Putting the Appliance in Operation 


14.6 Verify Appliance BTU Input 


If'a customer wants fuel consumption checked or if there is no instruction manual to indicate BTU input of an appliance, 
a common method for natural gas is known as “clocking the meter.” (Propane consumption cannot be checked with this 
method in most situations.) The process involves timing the revolution of the gas meter dial while only the appliance in 
question is in operation and then using a formula to calculate usage. 


14.6.1 Clocking the Meter 
¢ Turn appliances off or to standing pilot. 
¢ Subtract 1000 BTUs for each pilot 
* Turn on appliances to be checked. 
¢ "Clock" test dial on gas meter. 
¢ Time one full revolution in seconds. 
° Use the smaller valued test dial (most meters have two dials). 


14.6.2 Using the Gas Flow Rate Formula 
‘The formula for calculating gas flow rate is: 
Gas flow, cubic feet per hour = (cubic feet per revolution of meter dial) X 3600 
Time of one revolution of meter dial in seconds 
(3600 converts an hour to seconds.) 
For example, on a meter measuring one half cubic foot per revolution, the time measured for one revolution of the half 
foot dial is found to be 60 seconds for a gas fireplace. 
1, Gas flow rate for the fireplace is: 0.5 x 3600 
60 
2. BTU input is found by multiplying cubic feet per hour flow rate by BTU per cubic feet of gas (natural gas = 1000 BTU 
per cubic foot): 30 X 1000 = 30,000 BIU/hour 
3. Adjust for pilot if necessary (if pilot of one other appliance left burning, the appliance above would be 30,000 - 1,000 
= 29,000 BTU/hour). 
Gas appliances should be fired at 10 % +/- of input rating. Gas appliances that were shut down or turned to pilot should 
be returned to their original condition after this test. 


= 30 cubic feet per hour 


14.7 Communicating with the Customer 


14.7.1 Operation and Maintenance 

If possible review the operating instructions with the owner. Point out the gas supply shut off valve and explain lighting pro- 
cedures. Whenever possible, involve the customer by showing them and then letting them do the procedure. Other helpful 
information includes: 

° Access to controls 

* Lighting the pilot 

° Lighting the burner 

¢ Flame adjustment 

¢ ‘Thermostat/remote control operation 

° Fan operation 

Battery replacement on remote control, receiver, or battery backup holder 

Care and maintenance of glass and gold finish 

Warranty review 

Importance of keeping the appliance control area, burners, and circulating air passageways clean. 

If the owner is not present, the operating instructions should be left in a prominent location near the appliance. 

Many technicians use this opportunity to arrange for annual service. The appliance should be inspected and serviced at 
least annually by a professional service person. 
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14.7.2 Glass Front Safety 
In recent years, the issue of burns suffered from contact with glass fronts on gas fireplaces has come to the forefront. The re- 
sult has been changes in gas fireplace standards to define proper screens as certified barriers to prevent contact with glass and 
serious, irreversible burns and a public education program. 

‘The message of the public education campaign includes the following points: : 
¢ Fireplace glass fronts can become extremely hot when in operation or when cooling down (when flame is not present). 
¢ Barriers (screens) are recommended if there are children or other at-risk people in the home. 
* New fireplace units will come with certified barriers (screens) which should remain in place. 
¢ Aftermarket products may be available for existing units, but it must be verified that a screen is approved by the appliance 
manufacturer for its product. 
¢ Fireplace remotes and switches should be kept out of reach of children. 
¢ Manufacturer’s instructions should be followed for the safe use and maintenance of the fireplace. 

Sales, installation, and service personnel all have the opportunity to raise 
awareness of the potential for burns from a fireplace glass front, to inform 
consumers of the need to use the new certified barriers, both by purchas- 


HOT GLASS WILL . . : : : . 
CAUSE BURNS, ing aftermarket retrofit barriers and by keeping barriers provided with new 


DO NOT TOUCH GLASS appliances in place. 
UNTIL COOLED. More information is available online from the Hearth, Patio & Barbecue 


NEVER ALLOW CHILDREN Association (HPBA) at www.hpba.org. 
TO TOUCH GLASS, 
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It is obvious that the flow of gas must be controlled at all times and under different circumstances, both for 
proper appliance performance and for safety. The valve concept — the ability to open or close the passageway 
that gas follows — is fundamental to gas piping and appliances. 

Our attention in this section is on control valves, devices that combine functions to provide the proper 
amount of gas at the right pressure to appliance burners. Additionally, we look at how these valves and their 
ignition or burner systems work in tandem to ensure safety by stopping gas flow when flame is lost. 

‘The first basis for categorizing gas valves for hearth appliances is the source of power that initially opens the 
valve for gas flow to the main burner: manual or automatic (thermo-electric millivoltage or electronic [house- 
hold current, stepped down household current, or DC current from back-up or primary power source bat- 
teries]. In addition, gas control valve systems can be sub-categorized by the ignition system: continuous pilot, 
direct (spark, hot surface), or intermittent pilot. And a final sub-category is the power source for the safety sys- 
tem that senses and/or shuts off main burner fuel flow in the event of unintended loss of fame: thermo-elec- 
tric millivoltage, DC microamps (flame rectification). 

Significant advances have been achieved as the transition from early valves designed for other applications 
and adapted for gas fireplaces have been replaced by valves with capabilities directly related and often custom- 
ized for gas hearth appliances. 


Chapter 15 | Manual Gas Control Valves _ 
Chapter 16 | Automatic Millivolt Powered Gas Control Valves. 
Chapter 17 | Millivott Standing Pilot jenition Systems = 


Chapter 19 Electronic Gas Control Systems 
Chapter 20 | Troubleshooting Electronic Systems 


_ Power source to open valve for gas flow to main burner 


| Comat 


Turning of control knob 
Turning of control knob & thermostat bulb 
mechanical action 


Thermo-electric 
millivoltage 


se : Alternating : 


| Household | | Stepped down 
- current | | household 


Electronic 


Direct 
“current (DC) 


"Batteries | | Batteries | 
(primary | | (back-up) — 


(G20 VAC) current (24 
| | WAC orles) 


source) — 
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Manual Gas Control Valves 


For manual valves, the power to open gas flow to the main burner is mechanical: after lighting the pilot, the operator turns 
the control knob to open the port that directs gas flow to the main burner. 

Full understanding of gas valves requires knowledge of the ignition and safety system. Manual valves have continuous 
(standing pilots) and safety systems that operate on DC millivolts (millivolt = 1/1,000th volt) supplied through the pilot 
flame (thermo-electric, or electricity generated by heat). These manual valve safety systems covered in this chapter are also 
employed in some automatic thermo-electrically powered and also in some electronically (AC or DC voltage) powered au- 
tomatic valves. 


15.1 Manual Gas Control Valves 


Manual gas control valve systems in hearth appliances are used primarily in gas log sets that do not offer remote control (i.e., 
wall switch, remote control, thermostat) of the main burner flame. There are, however, some gas fireplaces, freestanding 
stoves, and fireplace inserts that use manual gas control valves. (Manual gas control valves are not to be confused with man- 
ual gas shutoff valves, simple ON/OFF valves that can only be used in some 


jurisdictions where gas log sets listed to ANSI Z21.84 are approved.) Mania pagcaniint vale 


15.1.1 Manual Control Valves: Temperature Adjustment Thetmocoenle == Dioieniot 
‘There is one variation in manual control valves based on how room tempera- connection control knob 
ture can be adjusted during normal operation. Gas inlet oe Ae 

Many manual control valves are simply adjusted by the operator selecting (supply) 
and changing the burn level from Low to High (or turning the burner off). - Ea 


Some manual valves offer a very basic method of temperature adjustment 
by means of a thermostatic bulb system. The system operates by means of 
thermal expansion of a liquid in a bulb connected by a capillary tube to an _ Pilot gas Pilot adjustment 
expandable bellows within the valve. The control dial determines the tempera- — Gas outlet —_—_ cover cap screw 
ture level that will, as the bellows expands, modulate the flame and eventually bith 
cause a lever mechanism to shut off gas flow to the main burner. As room tem- Pilot port compression Pilot adjust- 
perature drops below the set level, the bellows contracts and the lever mech- nut & ferrule for 2/8" NPT ment screw 
anism re-opens gas flow to the burner (which is re-ignited by the continuous _jplet port 
pilot flame). 3/8" NPT 


©ccs 


Pushes in 
to light pilot 


This temperature adjustment system is not automatic in the sense that the Ce 
operator can turn it on and completely off from a wall switch or remote con- 
trol; the operator must manually turn the appliance on to initiate the system , 
and manually turn it off to stop the system. Temperature adjustment is ap- __Thermo- 4 Control 


SOURIS DOIN ar Guiles a6 hola kuch Ae 


proximate and not based on specific number of degrees of room temperature. 
burner3/8"NPT _ off-pilot 


Since the thermostatic bulb temperature adjustment system is a variation 
of manual gas valves that are otherwise very similar in function, our discus- : ; signs as 

‘ : . Pilot port compression Pilot adjust- 

sion of components (other than the bulb, tube, bellows, and control dial) will jut g ferrule for1/8"NPT — ment screw 


follow manual valves with Low/High/Off temperature adjustment. ‘ 
Outlet port to \ Pushes in 
45.1.2 Manual Gas Control Valve System Components main burner one ples 


3/8" NPT — 
‘The manual control valve system is an assembly consisting of a manual con- a 


trol knob assembly and internal and external parts of the safety pilot system. 


15.1.2.1 Manual Valve: Control Knob Assembly 

‘The control knob (also referred to as the gas cock) assembly includes 

* a round plastic knob, marked with three positions (PILOT, ON, and 
OFF), that rotates and can be pushed in 

° asolid shaft moved and rotated by the knob 


* arod connected to the center of the shaft (inside the valve) that presses against and unscats the shutoff disc of the EPU 


(discussed below) when the knob is pushed in 


Thermocouple Inlet port Control knob 
port 3/8" NPT on-off-pilot 


© 1996 Gas Research Institute 
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* acylinder connected to the shaft, and which surrounds the rod, that has an opening that allows and directs gas How when 
rotated and aligned with portals that lead to the pilot and main burners. 

The control knob assembly is the manual adjustment mechanism that allows gas flow to the pilot hood, holds the valve 
open until the safety pilot system is energized, and then can be positioned to allow gas flow to the main burner. It is also the 
means for turning the appliance off in normal shutdown. 


15.2 Manual Gas Control Valve: Safety Pilot System 


All gas control valves have a safety shutoff system to shut off all gas flow in the event of unexpected loss of flame. With all 
manual control valves and some automatic valves, the safety system is dependent on millivoltage production generated by 
the pilot fame. We look first at how millivoltage is produced and then at the components of the safety pilot system in man- 
ual gas valves. 


15.2.1 Production of Millivoltage Electrical Current 


The basic principle of thermogenerators (thermocouples and thermopiles) is the production of electricity (thermoelectric ener- 
gy) when two dissimilar metals are joined together and heated. The current produced is measured in millivolts 1/1,000 VDC). 


15.2.1.1 Thermocouple 

A thermocouple consists of two wires or strips of 
dissimilar metals joined together. (Type J ther- 
mocouples use iron and copper-nickel; Type K 
thermocouples use nickel-chromium alloy and 
nickel-aluminum alloy.) When the connected 
end (hot junction) is heated, DC millivoltage Flame 

is produced at the other two unconnected ends Iron 
(cold junction). A single thermocouple gener- 
ates about 25-30 millivolts under no load. That 
millivoltage is sufficient to enable a small elec- 
tromagnet in the gas control valve to hold the 
shutoff disc in the open position and allow gas 
flow to the main burner side of the valve. The 
loss of the millivoltage when the pilot flame is 
lost allows the shutoff disc to close the opening 


Joined ends 
(hot junction) 


Thermocouple principle 


Open ends 


Hot junction (cold junction) 


© ccs 
i e Two dissimilar metals 

My Copper : 

e “Type J” thermocouple: iron and 
Cold junctions copper-nickel 


eps De alive e “Type K” thermocouple: nickel- 


© Travis industries, inc. chromium alloy and nickel-aluminum alloy 


Thermopile principle Thermopile and connections 


and stop gas flow to the pilot and main burners. Hot junction Hot junction Protective 
15.2.1.2 Thermopile Stainless Sees 
A thermopile consists of a number of thermo- steel —— 

couples connected together in a series circuit jacket 
to produce higher voltage than a single ther- ee 
mocouple. Because voltage in a series circuit is : : pnetion ievamials 
additive, the voltage of a thermopile equals the Cold junction eee 
sum of the voltage of the individual thermocou- —_ Thermocouples connected in Mounting pag Pepe ; cite 
ples. For example, the voltage of 10 thermocou- series. Voltage in series circuit nut 


ples joined together (each producing 25 my) 
equals 10 x 25 mv or 250 mv. 


is additive. Dus 


White wire: negative 
© CCS 


Thermopile output ranges from 250-750 mv. The pilot flame engulfs an appropriate portion of the hot junctions. Ther- 
mopiles often use two wire leads wrapped with a protective covering as a means of delivering the DC millivoltage. 

We will see in Chapter 17 Automatic Millivolt Powered Gas Control Valves, that the thermopile provide sufficient milli- 
voltage to allow automatic control (thermostat, wall switch, or remote control) of the main burner. 
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15.2.2 Manual Gas Control Valve: Safety Pilot System Components 

‘The safety pilot system, also known as safety pilot shutoff system, is made up of a pilot assembly and the electromagnetic 
power unit (EPU). The pilot assembly provides ignition flame for the main burner and generates the electricity that allows 
continued gas flow to the pilot and main burners as long as there is pilot burner flame. Although the pilot assembly is exter- 
nal to the valve we will look at it briefly here because of its central role in valve operation (full discussion of pilot assembly is 
covered in Chapter 10). The safety pilot system components that are internal parts of the manual control valve are the EPU 
and the pilot adjustment screw. 


15.2.2.1 Pilot Assembly 

‘The pilot assembly is connected to the manual control valve, but it actually is a separate 
component from the valve. Because it furnishes the millivoltage that the valve uses to open _ Pilot hood 
gas flow for pilot ignition and to shut gas flow off completely when pilot flame is lost, we 
take a brief look at it here. The components of the pilot assembly that are significant to our 
discussion of the manual gas control valve include: 

* Directional hood. Splits and directs the pilot fame to the proper portion of the thermo- 
couple and to the main burner. 

¢ Thermocouple. One kind of thermogenerator (devices that produce electricity from 
heat). Two dissimilar metals joined at the end where pilot flame heat is applied (hot junc- Be eee 
tion) that produce about 25-30 DC millivolts at the other end (cold junction). Wired to B mers 
deliver the millivoltage to the valve EPU as long as the pilot flame supplies sufficient heat 

to the hot junction. 

¢ Bracket. Holds the pilot tubing, hood, and thermocouple in place, but also specifically Electromagnetic 
designed to absorb heat from the thermocouple at a known rate in order to ensure precise © power unit (EPU) 
dropout time (maximum amount of time required for millivoltage production to drop be- 
low the level required for the EPU to shut off gas flow.) 


15.2.2.2 Electromagnetic Power Unit (EPU) 
Also known as the safety pilot shutoff or the safety magnet, the EPU is the internal valve 
component that is the central control mechanism for safety shutoff. It is responsible for: 

1. holding open the portal that allows gas flow to the pilot (only) when the control knob 
is depressed while in the PILOT position 

2. keeping the valve open to both the pilot and main burner when the knob is in the ON 
position and the pilot is lit 

3. closing all gas flow when the pilot flame is lost. 

This process is critical to safety in preventing accumulation of unburned gas that might 
ignite suddenly or explosively. The EPU includes: 
¢ Safety shutoff disc (also called 100% shutoff disc). This rubber covered metal disc is 
seated over the portal that allows gas to flow to the pilot and main burners. A tension spring 
maintains pressure to keep the disc seated over the passageway. It is manually unseated by 
the control knob being pushed down. It is held magnetically in the open position until the 
EPU loses power. 
¢ Tension spring. A metal spring as described above is positioned on the back side of 
the safety shutoff disc. The spring holds the shutoff disc seated in its position covering the 2s 
opening to the pilot and main burners until manual pressure on the control knob is exerted ©ccs 
during pilot lighting. The manual pressure on the control knob forces a metal plate (keeper 
plate) to contact the coil. The pilot flame powers this coil to become an electromagnet and hold the keeper plate when the 
control knob is released. If the pilot flame is lost and the keeper plate is not held in place magnetically, the spring returns the 
safety shutoff disc to its seating and blocks the opening that allows gas flow. 
* Keeper plate. A metal plate (iron or steel) is connected to the end of a metal shaft that is connected to the safety shutoff 
disc. As the control knob rod moves the shutoff disc away from its seat, the keeper plate is pushed against the coil contacts. 


Pilot assembly 


Closed 

- Shutoff 
disc 
Tension 
spring 


Keeper 
plate 


Coil 


Tension 
spring 
Keeper 
plate 
Coil 


When the coil is energized by the thermocouple, the magnetic force holds the keeper in place against the contacts. If the pi- 
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lot flame is lost, the electromagnet is de-energized and releases the keeper plate 
(drops out). The tension from the spring forces the shutoff disc to reseat itself. 
¢ Coil. The coil of wire and the U-shaped iron core around which the wire is 
wound are referred to together as the coil, also known as the safety magnet. The 
iron core becomes an electromagnet when the electricity (millivoltage) generat- 
ed by the thermocouple passes through the wire around the core. This magnetic 
force of the ends of the iron core (contacts) holds the keeper in place. If the pilot 
flame goes out, the contacts lose their magnetism and the shutoff disc returns 
to the closed position. 


15.3 Manual Control Valve Operational Sequence 


1. No gas flows to the pilot burner or to the main burner when the shutoff 
valve disc is closed. 

2. Positioning the control knob in the PILOT position and pushing it in: 

a. unseats the shutoff disc (allowing gas flow to the pilot burner) 

b. presses the keeper plate against the coil contacts 

c. positions the interrupter disc so that gas flow to the main burner is blocked 

3. Gas flows to the pilot burner (but not the main burner) and is lit by match 
or spark. 

4. The thermocouple, heated by the pilot flame, produces millivoltage that is 
relayed to the EPU. 

5. The control knob is held down for 30-60 seconds until the EPU coil is en- 
ergized to magnetically hold the keeper plate against the core contacts. 


_EPU operation: valve closed 
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6. With the keeper plate held by the electromagnet and the control knob released, the main shutoff valve disc is held in 


an open position. 


7. As the control knob is rotated to the ON position, the opening in the control knob cylinder lines up with the portal 


EPU operation: 
main burner on 


EPU operation: lighting 
pilot; no gas flow to 
main burner 


Gas flow 
to main 
burner 


Pilot gas 
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that leads to the main burner. Gas flows to the main 
burner and is ignited by the pilot. 

8. In a normal shutdown, turning the control knob 
to OFF rotates the cylinder openings so that they no 
longer line up, cutting off the flow of gas to the main 
and pilot burners. 


If the pilot flame is accidentally extinguished: 

1. The thermocouple cools off and its electrical cur- 
rent output drops. 

2. Gradually the electromagnetic force of the EPU 
coil is weakened until it is unable to hold the keeper. 

3. As this occurs, the tension spring overcomes the 
ability of the coil to hold the keeper plate and forces the 
shutoff disc back to its position covering the opening 
that leads to the pilot and main burners. 

4, There is a distinctive “clunk” as the tension spring 
slams the main shutoff valve disc closed. Gas flow is 
shut off to both main and pilot burners. 


e 


Automatic Millivelt Powered Gas Control Valves 


As we move from manual to automatic gas valves, we must keep in mind that we are categorizing valves first on the power 
source that is responsible for opening the valve for gas flow to the main burner. For manual valves, that is the operator's hand 
manually turning a knob from pilot to ON (or LO/HIGH). For automatic valves, the power that opens the valve for gas 
flow to the main burner is electricity. 

The first type of electrical power we examine that is used to open the valve for main burner operation is thermo-electric: 
heat applied to joined dissimilar metals produces millivoltage. While the millivoltage from a thermocouple was used to keep 
the valve open in manual valves, in automatic valves powered by millivoltage, the current from a thermopile (a group of 
thermocouples joined together) is sufficient also to move (not just hold) a portal opening device to initiate gas flow to the 
main burner. This capability allows the convenience of separate management of the main burner flame from a remote wall 
switch, remote control device, or thermostat. 

Automatic gas control valves are durable, dependable components in normal conditions. Although they are seldom de- 
fective, the entire valve should be replaced if they are. The main reasons for valve failure include the following abnormal 
circumstances: 
¢ High pressure. Control valves used in residential applications have a maximum inlet pressure of 1/2 pound per square 
inch (PSI), or 14 inches of water column. The valve must be isolated from any piping system undergoing an air pressure 
leakage test. High pressure from air pressure testing or from high gas pressure will rupture the pressure regulator diaphragm 
and necessitate valve replacement. 

° High voltage. Subjecting the valve to household current* will cause damage to the EPU unit and possibly require replace- 
ment of the valve. Lightning strikes can also destroy valves. 

° Water. Water damage resulting from flooding of the appliance control will necessitate valve replacement. 

¢ High Temperature. Gas control valves are rated for exposure to maximum high temperatures (that vary with the specific 
valve). Changing their specified location can damage the valve and necessitate replacement. 

The descriptions and operational sequences described here are for typical gas valves in current use in the hearth indus- 
try. There are numerous variations on these designs, but the purpose here is to understand basic operational principles and 
typical components. In all cases, actual installation, troubleshooting, diagnosis, service, and repair should only be done in 
accordance with the manufacturer’s instructions for the specific valve involved. 


16.1 Automatic Millivolt Powered Gas Control Valve Components 


Dividing the automatic gas control valve into its two main parts, pilot side and main burner side, helps organize the infor- 
mation for better understanding of its components and operational sequence. 


16.1.1 Pilot Side Components: Millivolt Powered Automatic Control Valve 

The pilot side of the automatic control valve serves the same functions that it does in the manual control valve: 
1. Allow gas to flow to the pilot and eventually to the main burner. 
2. Shut off gas How completely in the event of pilot fame outage. 


16.1.1.1 Control Knob Assembly 

The control knob performs functions for both the pilot and burner side, but we consider it here for simplicity. It is a knob 
with a shaft that when rotated to the PILOT position and depressed, opens gas flow to the pilot hood. When released and 
rotated to ON position, it allows gas flow to the valve operator. Turning the knob to OFF shuts off all gas flow. 


16.1.1.2 Pilot Assembly 

As with the manual gas control valve, the pilot assembly is connected to the automatic gas control valve, but it actually is a 
separate component from the valve. Because it furnishes both the millivoltage that the valve uses to hold the automatic safe- 
ty shut off system (EPU) open to allow gas flow for pilot operation, as well as the millivoltage to control the main burner, 
we take a brief look at it here. The components of the pilot assembly that are significant to our discussion of the millivolt 
powered control valve include: 

* Pilot hood (also known as directional hood). Splits and directs the pilot flame to the proper portion of the thermocouple/ 
thermopile and to the main burner. 


“Household current is normally in the range of 110-120 volts of alternating current (VAC). In this manual, household current 
will usually be referred to as 110 VAC, but that designation includes and stands for other normal household current voltage. 
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¢ Thermocouple/thermopile. Most automatic millivolt gas control valves used in 
gas hearth products now use two sources of heat-generated electrical current. A ther- 
mocouple can provide only sufficient millivoltage to operate the EPU, but it provides 
quicker drop out time (the length of time it takes for the thermocouple to cool down 
enough for the EPU to stop gas flow when the pilot flame is lost). A thermopile, es- 
sentially a group, or “pile,” of thermocouples joined together, produces the current 
needed to open the operator head that controls gas flow to the main burner. It has _ Pilot tube 
sufficient power to attract and hold the activator (valve lever) when there is a remote port on 
call for main burner heat. Some automatic gas control valves use only a thermopile to _—Pilot 
3 ; assembly 
supply the power to both the pilot and burner sides. Some valves now use a second 
thermopile to offer variable remote adjustment of the main burner flame. Pilot 
¢ Bracket. In addition to its support functions, the bracket is important as a heat orifice 


Pilot assembly for millivolt 
powered gas control valve 


Thermopile Pilot hood 
Bracket 


sink that absorbs heat at the cold junction of the thermocouple/thermopile to main- easier 

tain the difference in temperature between the top heated portion and the bottom that © Travis Industries, inc. 
is necessary for millivoltage production. The thermocouple/thermopile must be fitted 

securely and correctly in the bracket for proper operation. 


16.1.1.3 Electromagnetic Power Unit (EPU) 

Also known as the safety pilot shutoff or the safety magnet, the EPU is the central control mechanism for safety shutoff in 
the millivolt powered control valve. It is responsible for holding open the valve that allows gas flow to the pilot only when 
the control knob is depressed while in the PILOT position and keeps the valve open to both the pilot and main burner only 
when the knob is in the ON position and the pilot is lit. It is the device that closes all gas flow when the pilot flame is lost. 
This process is critical to safety in preventing accumulation of unburned gas that might ignite suddenly or explosively. 


16.1.2 Main Burner Side Automatic Valve Components 


The ability to control the main burner is the distinguishing characteristic of automatic valves. There are a number of millivolt 
powered main burner side configurations, but they share the most important basic features: 
* an electromagnet capable of moving (not just holding) a portal opening device is powered by a thermopile 
* a pressure regulator maintains steady gas pressure and adjusts gas flow to the main burner. 
‘The functions of the main burner side are to: . 
1. enable on/off control of the main burner from a remote switch, control, or thermostat 
2. enable control (in some cases, variable adjustment) of the main burner flame 
3. maintain a steady flow of gas to the main burner. 
‘The primary components of the burner side are the operator system and the pressure regulator system. 


16.1.2.1 Operator: Millivolt Powered Valve 
‘The operator, also known as the operator head, determines whether gas flows to the burner side of the valve. The thermopile 
in the pilot assembly powers the operator, and the setting of the wall switch, remote control, or thermostat determines when 
that power is furnished. The components that accomplish these actions include: 
¢ Wall Switch, Remote Control, or Thermostat. Although technically not part of the valve, the wall switch, remote con- 
trol, or thermostat is part of the electrical circuit that controls the main burner functions. The operator components begin 
functioning when control device signals heat demand by closing the switch in the circuit. The operator closes off gas flow 
when the control device opens when turned off or when heat demand is satisfied. 
° Valve Activator. Also know as the valve lever. In some valves, the activator is a metal toggle device with a rubber gasket 
at one end and a metal plate at the other end. The activator controls whether gas flows to the pressure regulator and on to 
the main burner. 
° Operator Coil and Contacts. The operator coil and contacts, also known as a solenoid, is similar to the EPU electro- 
magnet. It is a coil of wire wrapped around a metal core that becomes an electromagnet when it receives power from the 
thermopile. 

It differs from the EPU magnet in strength: instead of merely holding a keeper plate in place (that has to be positioned 
manually), it is strong enough to attract and to hold the activator automatically when it is powered. (Some valves have two 
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How it works: valve activator 

‘The activator is flexible enough that there is spring-like tension holding the rubber gasket over the portal that leads from 
the chamber that is filled with gas after the EPU valve opens. When the operator coil is activated by the remote switch 
closing, the plate on the other end is drawn electromagnetically to the operator coil. This action has a teeter-totter reac- 
tion on the rubber gasket end: as the plate end moves up, the gasket end moves down, opening gas flow to the pressure 
regulator. Gas is also directed to the pathway that provides pressure to the front side of the main valve diaphragm to push 
it open, as discussed below. 

In another valve design, both ends of the activator open and close portals. On one end, the portal that is open when 
there is no heat demand supplies gas pressure to the back of the main valve diaphragm, keeping that valve closed. When 
the operator magnet is activated by the remote switch, thereby closing the circuit, the other end of the activator is pulled 
down, opening the flow of gas to the front side of the diaphragm and lifting the activator from its seating over the valve to 
the burner. This action pushes the other end of the activator up and closes the opening to the back side of the diaphragm, 
reducing resistance from the front side gas that is opening the valve. 


valve operators. The first allows gas to reach a chamber that is closed off to further gas flow by a sensing diaphragm. ‘The sec- 
ond operator coil allows the gas to flow through the appliance regulator to adjust the gas pressure on the sensing diaphragm 
to move it so that gas flows to the main burner.) 


16.1.2.2 Pressure Regulator System 
If the operator system is responsible for automatically allowing gas to start flowing toward the main burner side, the func- 
tions of the pressure regulator system are to: 

1. respond to fluctuations in gas pressure in a way that ensures a steady flow of gas to the burner 

2. adjust the amount of gas to respond to different heat and flame size settings. 

‘The components of the pressure regulator system include: 
¢ Appliance regulator. Appliance regulators are reliable components that use a spring held flexible rubber diaphragm to 
adjust incoming pressure. The tension of the spring is set to a desired pressure or it can be adjusted. On some automatic 
control valves, a cap screw covers the regulator adjustment screw. For this type adjustment, a knowledgeable technician with 
gas pressure testing equipment is necessary. On many automatic control valves there is an adjustment knob, labeled LO-HI, 
which can be adjusted by the owner. On the newest valves, a step motor device (either a kit added to the valve or a valve that . 
incorporates the motor device) adjusts or modulates the flame by remote control. See Flame Modulation in 16.1.2.3 below. 
¢ Sensing Devices. ‘There is also a flexible diaphragm in the body of the control valve. This diaphragm moves in response to 

changes of pressure in the chambers on its front and back side. 


Appliance regulator components 16.1.2.3 Flame Modulation 
Some automatic control valves offer remote adjustment of 
Cap (where applicable) the flame by means of a motor device that turns the pres- 
sure regulator adjustment knob or adjusts a pressure regu- 
lator plunger. The motor device may be integrated into the 
valve or be a kit that is attached to the valve. In either case, a 
remote receiver powers the motor. Some receivers operate on 
batteries, others on 120 VAC. 
Sensing hole ‘There are different levels of control features on differ- 
“i ent valves. Some allow the operator infinite control of the 
flame level from low to high. Others offer a number of pre- 
Valve disc set flame levels, while others additionally offer pre-set flame 
patterns that vary the flame up and down in sequences that 
simulate the variations that are associated with wood fires. 


Diaphragm 


Vent plate 
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Gas inlet 
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How it works: appliance regulator 


In some control valves, pressure is introduced to the back side of the diaphragm, a small chamber supplied with gas to ap- 
ply pressure to that side of the diaphragm to keep a portal covered and closed by the front side of the diaphragm. When 


the activator allows gas to flow to the appliance regulator, gas is routed to 
the front side chamber (and reduced on the back side). The diaphragm 
reacts accordingly and lifts to open the portal and allow gas in the front 
side chamber to flow to the main burner. 

Other control valves follow the same principles, but keep the portal 
to the main burner closed with spring pressure holding a disc, connected 
to a shaft, in place over the portal. When the activator moves and sup- 
plies gas to the appliance regulator, gas pressure flows to the back side of 
a diaphragm that sits over the spring held shaft. The pressure moves the 
diaphragm, which in turn pushes against the shaft and overcomes the 
resistance of the spring. The disc lifts to the degree that the gas pressure 
is set, and allows a regulated amount of gas to flow to the main burner. 

In either design, if inlet gas pressure changes, the diaphragm responds 
and moves the disc up or down, increasing or decreasing the opening 
through which gas flows to the outlet and appliance. 


High inlet pressure: 
valve closes to keep flow constant 


Gas 
| outlet 
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Millivolt Standing Pilot Ignition Systems 


A standing pilot is a small flame that burns continuously. A standing pilot is active both when heat demand is anticipated 
(no main burner flame) as well as during main burner activity. Both manual and automatic control valves, rely on the pilot 
flame to heat the thermocouple/thermopile that provides power for the safety shutoff system. Our previous emphasis was 
on the control valve; now we look closely at the components, working principles, and problems associated with the millivolt 


pilot ignition system. 

Included in the discussion here is also the oxygen depletion sensor (ODS), a safety 
pilot device required to be used with unvented appliances. Unvented appliances use 
a standing pilot connected to a millivolt powered valve (powered by a thermocouple, 
but a very precise pilot flame loses contact with the thermocouple and causes appli- 
ance shutdown if oxygen levels in the vicinity of the appliance drop to a certain level. 

We look first at millivolt standing pilot appliance systems and then at ODS pilot 
systems. 


17.1 Millivolt Standing Pilot Systems 


‘The pilot assembly consists of the piezo electrode and wire, the pilot tube and connec- 
tor, pilot hood, thermocouple/thermopile, and mounting bracket. 


17.1.1 Piezo Igniter System 

The piezo igniter produces an ignition spark by converting the mechanical pressure 
placed on a crystal to electrical energy. The electrode wire delivers the high voltage, 
low power current to the electrode next to the pilot burner. The electrode sparks to the 
metal surface of the pilot burner (ground) and delivers a blue spark with a 1,700°F tem- 
perature that lights the pilot burner. 


How it works: piezo igniter 

‘The term piezo comes from the Greek word meaning to press. Pushing, or com- 
pressing, a crystalline material (natural or man made) produces a voltage propor- 
tional to the pressure exerted. The man made crystals used in gas hearth products 
produce high voltage (25,000 volts), no amperage, electrical current when com- 
pressed, Electrical current seeks to return to its source. The high voltage current 
jumps across to the grounded pilot assembly in the form of a heavy blue spark. It is 
the temperature of the spark (1,700°F) that ignites the gas. Receiving a shock while 
touching the appliance and pushing the igniter is an indication of a poorly ground- 
ed piezo igniter. 


17.1.2 Pilot Tube and Connector 

The pilot tube delivers the gas from the gas valve. The pilot orifice is seated between 
the end of the pilot tube and the pilot port. The pilot tube typically connects to the 
pilot port with a compression sleeve and nut. Because this connection is a common 
location for a gas leak, special care, including leak testing, should be taken. 


17.1.3 Pilot Burner 

The pilot burner consists of the pilot orifice, the primary air inlet, and the direction- 
al hood (pilot hood). The burner mixes air and gas and the directional hood directs 
the flame. 

17.1.3.1 Orifice 

The pilot orifice controls the flow of gas into the pilot hood. Gas input rates for pilots 
on hearth appliances vary, but they are typically in the 500 to 700 BTU per hour range. 
Natural gas and propane pilot orifices are stamped. with the two numbers that indicate 
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the orifice size. Pilot orifice sizes are based on assigned numbers. The smaller the number the smaller the hole. Sometimes, but 
not always, the orifice is stamped with N for natural gas or LP for propane. Some are color coded. Because orifices are sized 
precisely, with minute differences, an LP orifice cannot be converted to an natural gas orifice. 


17.1.3.2 Primary Air Inlet 
The primary air inlet introduces a portion of the combustion air and allows it to mix with the fuel gas prior to ignition. It is 
important to keep this inlet open and clean for proper burning of the pilot flame. 


17.1.3.3 Directional Hood 

The directional hood directs the pilot flame against the thermocouple/thermopile and out across the main burner(s). ‘The 
directional hood may direct the flame in one direction or in multiple directions. The position of the hood must direct the 
flame to engulf the upper one-third (check manufacturer's instructions) of the thermocouple/thermopile. The hood is set in 
a pre-determined position. Bending the hood should not be attempted because it is fragile and may break. 


17.1.4 Thermocouple/Thermopile 

The basic principle of thermogenerators (thermocouples and thermopiles) is the pro- 
duction of electricity (thermoelectric energy) when two dissimilar metals are joined 
together and heated. The current produced is measured in millivolts (1/1,000 VDC). 


Genes 17.1.4.1 Thermocouple 
— The ability of the thermocouple to produce sufficient millivoltage depends to a large 
degree on proper positioning of the thermocouple in the pilot flame. Millivoltage 
production is in direct relationship with the difference in temperature between the 
hot and cold junctions. The hot junction must be at least 300-400°F hotter than the 
cold junctions to produce adequate current. Generally the upper 1/3 of the thermo- 
couple should be engulfed in the pilot flame (check manufacturer's instructions). 
Oss As important as the production of millivoltage to hold the valve open and allow 
gas flow is the dropout time of the thermocouple. The primary safety function of 
the gas control valve depends on the thermocouple power production dropping out, or failing to produce enough power 
to keep the valve open, within the time allowed by the listing standard (see text box on next page, How It Works: Safety 
Shutoff Dropout Time). This dropout time is critical in making sure that dangerous amounts of gas do not build up when 
the pilot flame is lost. The thermocouple is part of a system that includes the mounting bracket, which absorbs heat at a 
known rate. It is strongly recommended that only 
the manufacturer-specified thermocouple be used —_ How it works: safety shutoff dropout time 


because: It is important to know that allowed dropout times vary accord- 
1. It is critical to safety that the thermocouple cause _ ing to the listing standard for the appliance. Dropout times vary 
dropout (also known as flame failure response time) with different valves, but maximum dropout times established 


within a specified, tested time period. by the appliance standard include: 
2. Substitution of an off-the-shelf component may 


void the manufacturer’ warranty and transfer full lia- 
bility to the technician and his company. 
‘Thermocouples are used as the power source for the 
pilot safety shutoff system in manual gas control valves. 
In many millivolt powered gas control valves, the ther- 
mocouple powers the pilot safety shutoff system and a 
thermopile powers the main burner operator head (in 
some units, a thermopile is used for both functions). 
Although generally reliable, thermocouple failure is 
usually a result of either oxidation of inner elements 
or over-firing (excessive heat on the tip, such as im- 
proper testing of the thermocouple with a torch). An- 


other cause for thermocouple failure is over tighten- 
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vides the means for mounting the pilot burner in an appropriate position so that pram 
the pilot flame can readily ignite the main burner gas. It also is designed as a heat 
sink that absorbs heat at a known rate so that the thermocouple/thermopile drops 


out at a known, acceptable rate. 


17.1.6 Pilot Adjustment Screw 


ing of the thermocouple, which breaks the insulator and shorts out the 
thermocouple. 


17.1.4.2 Thermopiles 

A thermopile consists of a number of thermocouples connected to- 
gether in a series circuit to produce higher voltage than a single ther- 
mocouple. 

Thermopile output ranges from 250-750 my. Thermopiles often use 
two wire leads wrapped with a protective covering as a means of deliy- 
ering the DC millivoltage. 

Position of the thermopile in the pilot flame is also critical for ther- 
mopile performance. Typically, the flame should engulf the upper 1/3 
of the thermopile (see manufacturer’s instructions). 

Thermopiles are used with millivolt powered automatic gas control 
valves. Their ability to provide enough millivoltage to the operator coil 
to attract and move an activator lever (not just hold a keeper plate in 
place after it has been positioned as with thermocouples), makes re- 
mote switches, controls, and thermostats possible. The DC millivoltage 
from the thermopile can be directed to the operator coil when a switch 
is turned on, or a remote control button pushed, or a thermostat sens- 
ing heat demand (and closing the circuit). 

The burner side requires more voltage, so a thermopile is the power 
source. The pilot side requires quick response, so a thermocouple is typ- 
ically, but not always, used. 


Thermopile and connections 


17.1.5 Mounting Bracket 


The mounting bracket pro- 


The pilot adjustment screw is simply a needle valve, a screw with a pointed end that 
increasingly covers part of the gas passageway to the pilot burner as it is screwed 
in. It can increase or decrease pilot gas flow (and therefore pilot flame size) as it is 
turned in or out. On some valves the adjustable screw is accessible. On others a cap 
screw must be removed first. It is important to replace the cap screw after making 
a pilot adjustment to avoid a gas leak. The gas pressure at the pilot does not flow 
through the appliance pressure regulator, so it is at gas supply line pressure (except 
for some unvented appliances, which have an in-line regulator for the pilot). 


17.1.7 Millivolt Pilot Assembly Service 

Problems associated with millivolt pilot assemblies include clogged orifice, clogged 
burner, clogged primary air inlet, and misadjusted flame. 

17.1.7.1 Clogged Orifice 

If the orifice is clogged, remove the orifice from the bottom of the pilot assembly 
and carefully clean the orifice opening. It is important not to ream the opening out. 
Use a soft brush and/or air and solvents to clean the debris or blockage from the 
orifice. Sometimes it is simpler to replace than to attempt cleaning. 
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17.1.7.2 Clogged Burner 
It is possible that the pilot burner itself is clogged by foreign material such as an insect, spider webs, or dust. Clean the burner 
by running a small wire or by blowing compressed air through the burner opening. 


17.1.7.3 Clogged Primary Air Inlet 

The primary air inlet hole at the pilot must be clear to maintain a steady blue flame. Clean with compressed air (directed 
away from the orifice) or with a soft brush. DO NOT use compressed air when flame is present. Note that some canned 
compressed air contains flammable propellants. Allow the propellants to evaporate before attempting to light the pilot again. 


17.1.7.4 Misadjusted Flame 

A misadjusted flame can be caused by the following conditions: 

© the flame lifts or blows off the pilot hood, indicating too much gas pressure 

¢ asmall, weak flame indicating too little gas pressure 

© debris in the primary air opening producing a yellow flame that does not adequately heat the thermocouple 
* wrong orifice (propane pilot burner producing large yellow tipped flame through natural gas orifice). 

To adjust the pilot, turn the adjustment screw according to the manufacturer's instructions. Note: the pilot adjustment 
screw is turned the opposite way from the pressure regulator adjustment screw: clockwise turns the pilot flame down; count- 
er clockwise turns the pilot flame up. 

IMPORTANT: Unvented appliance pilots are not adjustable; refer to manufacturer's instructions. 

If the pilot is adjusted properly, there will be a steady blue flame that engulfs the upper one third (in most appliances from 
1/2" to 3/4", but check manufacturer's instructions) of the thermocouple/thermopile. Since the thermocouple or thermo- 
pile depend on proper flame adjustment to deliver the electrical current needed to keep the gas valve open and the appliance 
operational, it is essential that the pilot flame be adjusted properly. ‘The flame should also extend well over the burner ports 
of the main burner to provide instant ignition. 


17.1.7.5 Poor Draft 
Occasionally poor draft causing oxygen depletion in the combustion zone can affect pilot performance. The venting system 
should be checked for obstruction, as well as for proper size and height. 


17.2 Oxygen Depletion Sensor (ODS) Pilot Systems 


As noted in earlier chapters, complete combustion of fuel gas requires a sufficient quantity of air. Without adequate ox- 
ygen, incomplete combustion may occur and produce hazardous amounts of carbon monoxide. The American National 
Standards Institute (ANSI) requires that unvented gas room heaters must automatically shut off when a specified low 
level of oxygen is reached in the heated space (ANSI Z21.11.2). This is accomplished with an oxygen depletion sensor 
(ODS) pilot system. 

The ODS consists of a precisely designed pilot burner that regulates flame characteristics, and a thermocouple posi- 
tioned precisely in the hottest part of the flame to operate a safety shutoff valve. The pilot flame is stable only within a 
very narrow operating range, so if oxygen levels around the 
ODS fall below an acceptable level, the flame lifts off the 
thermocouple. In turn, the thermocouple cools, reducing 
the millivoltage to the shutoff valve coil and causing the Spark electrode 
gas valve to shut off. for piezo igniter 

Gas flows to the ODS pilot flows through the preci- 
sion-bored orifice, draws in primary air through the air 
shutter, and is ignited by a spark discharge from the spark Thermocouple 
electrode ofa piezo igniter. When ignited, the pilot burner: 2 Las! afety 
¢ ignites the main burner valve 
¢ heats the thermocouple that powers the gas control valve 
° shuts off gas flow when the oxygen level around the ap- 
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ODS pilots are NOT field adjustable. If the ODS pilot is not working, it must be replaced with manufacturer specified 


equipment. 


An ODS cannot be retrofitted to an appliance without one, nor can an ODS be readjusted due to its fixed orifice and 
precise spatial relationships. Appliances with ODS should be handled very carefully to avoid changing the exact positioning 
on which the appliance and this safety system depend. 
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thermocouple to stop generating the 
electricity needed to hold the spring 
loaded safety valve open. The flow of 
gas stops. 
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Troubleshooting Millivolt Systems 


We look now at a number of common gas hearth appliance problems that are associated with millivolt powered valves, at 
possible causes, and normal corrective actions. The discussion illustrates typical diagnostic and corrective procedures, but it 
is always important to refer more specifically to the manufacturer's installation and service instructions. Diagnosis and re- 
pair should only be undertaken by qualified personnel. 

Effective and efficient troubleshooting is systematic. The approach in this chapter is to divide millivolt powered valve 
problems into ignition side and main burner side. We isolate a particular symptom, identify a diagnostic procedure, and 
based on the results, suggest possible corrective actions. 


18.1 Ignition Side: Pilot Problems 


We look at different symptoms of millivolt pilot problems and then suggest possible diagnoses and corrective actions. 
The most common symptoms that center around the pilot system are 
1. the pilot will not light 
2. the pilot will not stay lit 
3. the ignition of the pilot is delayed 
4. the pilot flame is not proper. 


18.1.1 Pilot Ignition Failure 


We proceed from the simplest and easiest path to correct diagnosis to the more complicated and difficult. The first possibility 
is incorrect operation. The problem might simply be the operator’s failure to follow the pilot ignition sequence properly. For 
instance, the control knob might not be set to PILOT. Or the reset button on the control knob might not be held down long 
enough for the pilot flame to heat the thermocouple/thermopile sufficiently. Or for a pilot lit manually, the match might not 
be held close enough to the pilot hood. The simplest diagnostic procedure (and corrective action) is carefully following the 
proper sequence and technique. If the pilot lights properly and can be repeated, the problem should be solved. 


Review operation Instructions not followed 


sequence of Set control knob to PILOT. 
startup. 


e Hold control knob down for 30-60 seconds. 


e Read and follow operation instructions. 


If the problem is not operational, thinking in terms of the combustion triangle is the next step: 
* Lack of Heat (Piezo Igniter Problem). Test the igniter by holding a metal surface of an insulated tool 1/8" from the 
electrode tip and check for spark. If the piezo produces a spark , proceed to check out fuel problems. If it does not spark, 
check and test the following: 
* Debris. Is there debris (such as spider webs) on the piezo? 
¢ Wire and connections. Is wire from piezo to electrode tightly connected? Is the wire covering broken or scraped? Is the 
piezo properly grounded to the mounting frame and is the mounting nut tight? 
¢ Electrode position. Is there a 1/8" gap between the electrode and pilot hood? (Do NOT use pliers on white ceramic cov- 
er to stabilize igniter while making adjustments.) 
* Electrode cover. Is the ceramic cover cracked or broken? 
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| Review operation 
sequence of 
startup. 


If the system 
utilizes a piezo 
igniter, (with gas 
off) push/ turn 
igniter. This 
should produce 
a heavy, blue 
spark. 


No heat source 


¢ Check and clean debris or spider webs from piezo 


e Check and repair, if necessary, wire connections between 
piezo igniter and igniter electrode. 


e Check and adjust spark electrode. 1/2" gap is recommended. 


© Check ceramic insulator on spark electrode for cracks or 
breaks. Replace assembly if necessary. 


¢ Check for a poorly grounded piezo igniter. Tighten mounting 
fastener if required. 


e Check for a defective piezo igniter and replace. 


18.2 Fuel Checklist 
If the piezo produces a spark, check the following possible fuel problems: 


¢ Supply source. Is the gas turned on? Is the propane tank pressurized? 

¢ Gas flow. Are all the gas valves in the supply line leading to the appliance turned on? (There may well be more than one 
shutoff valve in the supply line leading to the gas hearth appliance. The shutoff valve may be behind a wall.) 

° Gas line blockage. Is there air in the gas supply line that needs to be purged? Is gas flowing from the supply valve? through 
the supply line? through the gas valve? through the orifice? (Leak test all disturbed fittings after troubleshooting and service.) 


With the gas on, 
turn the gas 
control knob to 
pilot and push in. 
With the piezo 
igniter or a flame 
(in the case of no 
piezo igniter), 
light the pilot. 


No gas 
e Check for multiple shut-offs in the supply line. 


e No gas (propane supply). 

© Check for air in the lines and purge if necessary. 
(See setup section for details.) 
Check to see if the pilot adjustment is totally closed. 


Check the pilot hood to see if it has been reshaped. This 
causes improper fuel heat relationships. If it has been, 
reshape or replace the pilot assembly. 


Check for blockage in the pilot tubing, pilot orifice, or gas 
control valve. 


If necessary, remove any pilot tube or orifice blockage. 
If blockage is in the gas control valve, replace the valve. 
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18.2.1 Pilot Not Staying Lit 


The pilot will not stay lit if there is insufficient millivoltage transferred 
from the thermocouple/ thermopile to the valve. 


18.2.1.1 Pilot Flame 

An improperly adjusted flame can cause overheating or underheating 
of the thermocouple/thermopile. (Millivolt production is dependent 
on a temperature differential between the upper hot and lower cold 
junctions.) In either case, the thermogenerator will not produce suff- 
cient millivoltage to hold the valve open when the reset button is re- 
leased. Causes related to the pilot flame include: 

¢ Pilot Flame Location. Is the pilot hood pointed directly at center of 
the pilot generator (thermocouple/thermopile)? Does the flame engulf 
the upper 1/8" to 1/4" of the thermocouple and/or the upper 3/8" to 
1/2" of the thermopile (check manufacturer’s instructions for required 
amount)? Does the pilot flame adequately extend to the first gas ports 
on the main burner? 

¢ Pilot Flame Adjustment. Is the pilot flame a steady blue flame 
about 1" in length? Is there excessive air movement around the pilot 
that diverts or extinguishes the flame? 


18.2.1.2 Millivolt Production and Transfer to Valve 

If there is sufficient and properly adjusted pilot flame, but it will not 
stay lit, the next concern is the production of millivoltage and its relay 
to the valve. 

¢ Proper Wiring. Are the wires attached to the proper terminals ac- 
cording to the manufacturer's instructions and diagrams (which vary 
and may affect a lockout control system)? 

¢ Thermocouple/Thermopile Output. Do multimeter tests indicate 
insufficient millivoltage production? 

¢ Loose or Broken Wires. Are the wires securely tightened? Do mul- 
timeter tests indicate lack of continuity? 

¢ Proper Assembly. Is the energy cut off (ECO) wire properly sol- 
dered to the coil? On valves that offer optional positions for thermo- 
couple connection, is the thermocouple and ECO wire connected to 
the same port? 

¢ Defective Pilot Safety Coil in Valve. Does multimeter testing in- 
dicate lack of continuity? Does the valve work after tapping on it, indi- 
cating a sticking valve? 


18.3 Main Burner Side 


All portions of the millivolt system, including the pilot safety system and the wiring, must operate properly for the main 


Thermocouple testing 


SSSsss 


Voltage 
Continuity Test 


Voltage Test 

(Thermocouple heated with pilot) 

Minimum millivolt production 

— according to manufacturer's 
instructions 

Continuity Test 

Good - continuity 

©css Defective - no continuity 


Thermopile testing 


2. Voltage Test 
3. Continuity Test 


Voltage Test 
2. (Thermopile heated with 
pilot. Pilot only on.) 
Minimum millivolt 
production — according to 
manufacturer's instructions 


Continuity Tests 
3. Good — continuity 
Defective — no continuity 
1. Good — no continuity 
© css Defective (shorted) — continuity 


valve to open and allow gas to flow to the main burner. Common causes of millivolt gas valve damage includes: 


¢ gas valve wired to high voltage (24 or 110 volts AC) 


® excessive gas pressure from unregulated or medium pressure system (exceeding 1/2 psi) 


* moisture in valve from incorrect plumbing or flooding of burner 


° high temperature above rating (specified shielding or insulation package not used or glass doors closed during operation 


by customer) 


As with pilot burners, we systematically examine the symptoms and possible causes, make diagnoses, and suggest correc- 
tive actions. Diagnosis and repair for main burners should only be undertaken by qualified personnel. Manufacturer's in- 


structions and service manuals should be followed closely. 
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Hold the control If the system uses pilot interrupted lockout components, 
knob (pilot are any of these items open [i.e., glass door(s)]? 
position) in for NO Close as necessary. 

15-20 seconds. 
Pilot stays lit? 


If the system uses a pilot interrupted temperature control, 
has it been tripped, and does it need to be manually reset? 
If so, reset it. 


Do a visual check of the pilot flame. Does it provide proper 
thermocouple/thermopile engagement? If not, adjust the pilot 
adjustment on the gas valve. 


Check to see that the thermopile connections are properly 
wired to the gas control valve. If not, properly wire. (See valve 
section for proper wiring.) 


Check that all connections are tight. If not, properly connect. 


Measure millivolt production with a multimeter. Check 


manufacturer specifications with and without pilot coil load. 
If minimum requirements are not measured, adjust the pilot 
flame to reach the minimum desired voltage. If adjustment 
does not achieve the minimum voltage, replace the 
thermocouple/thermopile. 


Check for frayed, bared thermopile wires or sharp edges 
which can cut into the wires and cause a direct short from the 
thermopile wire to the appliance chassis. Replace or repair as 
necessary. 


Check for a defective pilot coil by conducting a pilot coil 
continuity test. (See section 2.1.2 above and Appendix C for 
test details.) If there is no continuity through the pilot coil, 
replace the gas control valve. 


18.3.4 Main Burner Ignition Failure 
Again the first area to examine is operational procedure to make sure that the proper sequence and technique is practiced. 
All of the steps followed in proper pilot ignition apply again. In addition, it will be necessary to make sure that the control 
knob is moved to the ON position after the pilot lights successfully. The remote switch or remote control must be in the 
proper setting, and a thermostat must be set above the current room temperature in order to signal the demand for heat. 

If the proper operational procedures do not ignite or keep the main burner operating properly, the first diagnostic proce- 
dure should be undertaken to isolate whether the problem is in the wiring system or in the gas valve. With the gas valve in 
the ON position, the remote switch, control, or thermostat in heat demand position, and with the pilot lit: 


Instructions not followed 


Review operation jo 
sequence. 


e Turn gas valve to ON position. 


¢ Put switch, remote control, thermostat in heat 
demand position. 


e Make sure pilot is lit. 


© Make sure glass doors are closed (where applicable). 


Read and follow operation instructions. 
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Troubleshooting Millivolt Systems 


Place jumper wire across the thermostat terminals (TH and TH-TP terminals on some gas valves) 
1. If burner lights, problem is in the wiring system. 
2. If burner does not light, problem is with the gas valve. 


18.3.1.1 Wiring Problems Causing Main Burner Ignition Failure 

Diagnostic and repair of electrical components and wiring should only be conducted by experienced, qualified per- 
sonnel. If wiring is indicated as the probable cause for main burner ignition failure, the search for a cause includes: 

¢ Proper wiring. Is the appliance wiring done according to the wiring diagram in the manufacturer's instructions? 

* Loose wiring. Are all connections secure, including door switches, high limit switches, and wall switches? 

* Defective switches. Does the burner light when a jumper wire is connected across the two terminals of each switch, 
checked sequentially? 

* Continuity. Does continuity checking with a multimeter indicate any breaks in the circuitry? 


Turn the gas If the system utilizes burner-interrupted lockout components, are 
control valve cock any of these items open [i.e., glass door(s)]. Close as necessary. 
to “on” andturn NO 
“on” the burner. 
Burner lights? 


If the system uses a burner-interrupted temperature limit control, 
has it tripped, and does it need to be manually reset? If so, reset it. 


Check the relationship of the pilot to the burner. Is it properly 
located to quickly light the burner? If not, properly locate. 


Is the switching device (switch, thermostat, or remote control) 
properly wired to the gas control valve? (See valve section for 
proper wiring.) 


If the unit utilizes a hydrostatic bulb, is the temperature rise 
sufficient to turn the system on? 


Check to ensure that the hydrostatic bulb line is not crimped or 
broken. If it is, replace the gas control valve. 


Check to see if the switching device is defective. Replace switch, 
thermostat, or batteries in remote control units as necessary. 


Check to make sure that if a thermostat is used, it is a millivolt 
thermostat and not a 24V thermostat. Correct as necessary. 


Check for excessive wire length to the wall switch or thermostat. 
Ensure that the manufacture’s recommended length has not been 
exceeded. Correct as necessary. 


Check to see that adequate thermopile voltage is being produced. 
Minimum of 325 MV is recommended by most manufacturers. 
Turn up pilot light to increase millivolts or replace thermopile 

as necessary. 


Check for low gas pressure by testing outgoing burner pressure. 
Adjust as necessary. 


Check for low gas supply if propane fired. 


Conduct an operator head (burner coil) continuity test. If there is 
no continuity, replace the gas control valve. 


Check to see if properly sized pilot and burner orifices are being 
used. Correct as necessary. 


Check for blockage of burner ports, burner line, burner orifice, and 
gas control valve. Remove blockage as necessary. If blockage exists 
in the gas control valve, replace the valve. 


Gas Reference Manual | 6th Edition 


¢ Excessive wire length. Has any additional wire for connecting to a remote switch or thermostat been added to the 
amount included by the manufacturer? (Has resistance been increased excessively: each foot of wire use approximately 1 my, 
so 20 feet of double stranded wire equates to 20 my to the wall switch and 20 mv back to the valve, or a total of 40 mv.) 


18.3.1.2 Valve Problems Causing Main Burner Ignition Failure 

If testing indicates the source of the ignition problem to be the valve rather than the wiring, attention should be focused on 
possible causes of valve problems, including: 

* Thermopile output. Do multimeter readings show proper millivoltage? 

® Defective main valve coil. Do multimeter readings show continuity through the main valve coil? 

° Low operating gas pressure. Does Pressure gauge testing indicate proper gas pressure? 

° Gas line blockage. Is there blockage of the gas line between the valve and the burner? Is there blockage in the burner? 


18.3.1.3 Ignition Control Components Causing Main Burner Ignition Failure 
Remote controls or thermostats can be the source of problems for a main burner that does not come on. 


18.3.1.3a Remote Controls 

Remote receivers that use 110 VAC. Is proper current detected? Is the wiring pattern correct? Are the wiring connections tight? 
¢ Batteries. Are there fresh batteries in the remote and/or receiver? 

¢ Remote frequency. Has the remote control (hand held transmitter) been programmed or synchronized to the receiver? 
Was the proper procedure followed? Do the remote control and the receiver have matching model numbers? 

* Defective sender/receiver. Will another remote control operate the appliance or will the remote operate another appliance? 


18.3.1.3b Thermostats 

For appliances with thermostats where the wiring pattern and connections, thermopile ourput, and length of thermostat 
wire have been checked, problems with thermostats include: 

° Correct thermostat type. Is the thermostat rated for millivolts? 

¢ Contacts. Are the thermostat contacts clean? 

* Defective thermostat. Does the thermostat need to be replaced? 


18.3.2 Delayed Main Burner Ignition Problems 


The ANSI gas hearth appliance standards require in testing that the gas from burners be effectively ignited within 4 seconds 
without delayed ignition, flash back or damage to the appliance. A number of problems, in addition to improper operation, 
can cause the main burner to come on after an abnormal delay, including: 

* Partial blockage. Are the burner ports and burner tube free of obstructions? Are the orifices free of obstructions? Is the 
ember material correctly placed around the burner tube? 

* Fuel/heat/air relationship. Is the air shutter opening set correctly? Is the flame gas alignment proper? Are the carry over 
ports (small openings in the burner that convey the flame from one section of larger ports to another) open and free of ob- 
struction? 


18.3.3 Main Burner Failure to Stay Lit Problems 

A burner that lights but goes out unexpectedly can have a number of problems, including: 

* Appliance adjustments, Is the air restrictor in a direct vent appliance set properly? 

* Appliance components. Is the thermopile operating properly and producing sufficient millivoltage? Is the spill switch 
and circuit on a Type B vent appliance functioning properly? 

* Venting. Does the venting system follow the manufacturer's parameters and specifications? Is a high wind cap needed? Is 
the termination installed according to manufacturer's instructions? Is there blockage in the venting system? Is there a non-in- 
sulated vent exposed to the outside in a cold climate installation? Is the exhaust liner sealed properly to prevent mixing ex- 
haust gases with incoming combustion air? 

* House effects. Are there negative pressure conditions in the house? Is house stack effect causing problems? 
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Burner 
stays lit? 


Turn off 


NO 


Troubleshooting Millivolt Systems 


Check for any open burner-interrupted safety or lock- 
out devices. 


Reset or replace as necessary. 


Correct open temperature limit controls by finding 
cause of overheating: 


— Circulation blockage in the unit 
— Burner orifice too large 
— Too much gas pressure 


Correct open spillage limit controls by defining the 
cause of flue gas spillage and fixing it: 


— Blocked flue 

— Flue too large (causing extreme cooling of gases) 
— Too much horizontal run 

— Downward slope in any horizontal run 

— Too many turns/elbows 

— Uninsulated flue in cold areas 


Check for “thermopile overheating” by monitoring 
thermopile/thermocouple voltage. If the voltage rises 
to a normal amount and then starts to fall with time, 
this indicates thermopile overheating. Correct by re- 
moving embers, coals, or flame causing the overheat- 
ing. 

On direct vented unit, check for air starvation. Lifting 
ghostly blue flame is an indication of air starvation. 


Check with manufacturer’s directions regarding proper 


venting. Correct vent problems as necessary. 
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Electronic Gas Control Systems 


The second type of automatic gas control valve, in addition to millivolt powered valves, is electronic gas control valves. Like 
automatic millivolt powered gas control valves, electronic gas control valves perform these basic functions: 

1. provide gas flow for ignition and main burner 

2. regulate the amount of gas flow 

3. allow remote control (wall switch, remote control, thermostat) of main burner flame 

4. provide safety shutoff of gas flow if required flame is lost 

Electronic gas control valves also use a number of the same components as the millivolt powered valve. They differ, how- 
ever, in these fundamental respects: 

1. The operational current is greater than for millivolt powered valves. Where millivolt powered valves perform control 
functions with less than 1 volt DC, the different types of electronic valves are controlled variously by 110 VAC from house- 
hold current, low voltage (24 volts or less) VAC or DC stepped down by transformer from household current, different DC 
voltage from batteries, either as backup in AC power outage or as the sole source of power for valve control. 

2. The operational current to open and close the valve during normal operation is external to the valve and ignition sys- 
tem. It is not thermoelectric (not electricity provided from flame, as from thermocouples or thermopiles). 

3. An electronic module or receiver determines whether and when electrical current is sent to the valve. 

4. On many, but not all, electronic valves, the safety shutoff system is not based on a thermocouple/thermopile. 

In early gas hearth appliances, most electronic valves operated on either 110 VAC or 24 VAC stepped down from house- 
hold current. The inability of hearth appliances with these valves to function in a power outage, however, has led to new 
valve designs for the hearth industry. Recent developments in valve designs include use of DC voltage from batteries, either 
in backup situations, or continuously as the only source of power for valve control functions. 

Other innovations now include selectable control of the pilot mode: a system that allows the user to choose a standing pi- 
lot or intermittent pilot as the ignition source. Another feature available on some valves automatically extinguishes the pilot 
flame after a certain amount of time has passed in which the appliance has not been used. The numerous variations in valve 
design and functions prevents detailed description here. The information is therefore for general principles of valve function, 
with details that are not necessarily found in a specific valve. 


Valve type ; 
os VAC/VDC VDC battery _| Multiple/optional 
Valve feature VAC continuous battery backup - continuous power sources 


—Powersource ——'| 110 VAChousehold/ | 110 VAC(stepped | 120 VAC (stepped dow 
oo _ | 24 orless VAC or VDC | down)/VDC battery | _| VDC battery backup/VDC battery 
fromtransformer —|_ backup cote | continuous VDC battery continuou 


_| VAC stepped down and rectified to VDC 


Electronic 
components in 
receiver 


Control Electronic module Electronic module Electronic components in receiver 


Electronic components in transmitter 


DSI/HSI/IPI_ 


Flame rectification 


-Mv pilot system 
Mv pi lot system 


Flame rectification 


yo/solenoid adjustrr 
“opening or pressure regulat 


_ Valves for hearth products are undergoing development and change. Always refer to current installation and service instructions. 
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We look first at the traditional electronic valves that depend on household current, then at valves that offer battery back- 
up, next at valves that are powered all the time by batteries, and finally at valves that offer multiple or optional operational 
power sources. As we look at these categories based on power source, we will also cover their ignition safety systems. 


19.1 VAC Powered Valve Systems (Household Current Power Required) 


19.1.1 Power Source 


We include in this category both valves that operate on 24 VAC or less stepped down by transformer, and valves that are pow- 
ered by 110 VAC. In both cases, household current is required, and the appliances cannot be operated in a power outage. 


19.1.2 Components 


The valve itself, the assembly through which gas flows from the gas piping to the appliance, is part of a system that must be 
considered together. We consider the external components of the system and then the valve itself. 


19.1.2.1 Control Module 
Inside the control module is a complex arrangement of resistors, capacitors, and the like. On the outside of the control mod- 
ule box are terminals for connecting to incoming and outgoing current. (Thermostats and any safety interruption devices are 
positioned between the transformer and the control module for some systems, before the control module for others.) Wiring 
diagrams and manufacturer's instructions must be followed closely. Newer control modules also have small diagnostic lights 
to indicate the activity of the module or to signal a particular problem. 

There are no replaceable components. Control modules are reliable components. They can be damaged and require re- 
placement if subjected to: 
° voltage in excess of 30 VAC (except 110 VAC control modules) 
e shorting across electrical terminals with jumper wires 
¢ submersion in water 
° excessively high temperatures. 

There are a number of variations in control modules (discussed below), but they all share these common functions: 

1. supply power for an igniter 

2. supply power to open portal(s) in the valve to allow gas flow 

3. monitor for the presence of main burner flame 

4, provide safety shut down of power supply to valve if flame is interrupted 

The control module is specified by the manufacturer for the type of valve: direct spark ignition (DSI), hot ada’ ignition 
(HSI) or intermittent pilot ignition (IPI), Only the manufacturer specified control module should be used. 
19.1,2.2 Transformer 
The power source for millivolt gas control valves, we have seen, is DC millivoltage produced from pilot flame heated ther- 
mopiles. The current relayed to the operator coil attracts the valve activator to open gas flow to the main burner. With most 
electronic gas control valves, a transformer steps down 110 VAC house current to 24 VAC or less (some control modules 


receive and send 110 VAC, however). 24-volt transformers used with electronic valves are Class 2 NEMA rated (National 
Electrical Manufacturing Association) with the following operating characteristics: 


How it works: transformers 


Iron core 


If wire is wound around one side of an iron core more times than an- 
other wire is wound around the other side, voltage coming from the side 
with more windings (primary terminal) is reduced, or stepped down, Primary 
when it exits the less windings side (secondary terminal). The reduction _ terminals 
is in direct relationship with the ratio of the number of windings on the **° areas: 
two sides. For example, there are 5 times fewer windings on the 24 volt 
side than on the 120 side for 24 VAC transformers (5 x 24 = 120). See 
19.4.1 below for information about transformers that step down VAC 
and convert it to VDC. 


Wire 
winding 


Wire winding K 


Secondary 
terminals 
24 volts AC 
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¢ 100% load: maintain 23-25 volts 
e No load: maintain 26-27 volts 


19.1.2.3 Electronic VAC Control Valve 

‘The VAC powered valve itself is relatively simple. The components and operational principles are similar to automatic milli- 
volt powered valves. Instead of being powered by a thermopile and shut off if a the pilot flame is lost, a VAC electronic valve 
is controlled by a control module that furnishes 24 VAC (in some cases 110 VAC) to power the valve and shuts it off if the 
main burner flame is lost. 

Electronic VAC Valve Components 
* Control knob. The control knob for electronic valves has two settings, OFF and ON. Turning the knob (in some Cases 
a lever) to ON allows gas to flow to the first operator, but no further. The knob or lever may have to be depressed slightly 
to move from one position to other, but there is no need to press the knob in and hold it as with millivolt powered valves. 
* Valve activator(s). The teeter-totter type lever keeps portals to the main burner (and pilot burner on intermittent pilot 
systems) closed until power is supplied to the valve by the control module. With a demand for heat and the control knob 
positioned to ON, the energized operator coil attracts one end of the activator and lifts the shutoff disc attached to the ac- 
tivator to open the main portal. On direct ignition valves, this action allows gas to flow to the main burner for ignition and 
flame sensing. 

On intermittent pilot systems, the control module opens the pilot operator and provides ignition. The main burner oper- 
ator opens the main burner portal when the control module senses pilot burner flame presence by flame rectification. 

° Valve operator(s). The operator consists of 

* an operator coil, wire wrapped around a (also known as a solenoid) an iron core that becomes magnetized when the 

control module supplies 24 VAC, and 

* a shutoff disc that is unseated and allows gas flow when it is attracted to the coil contacts. 

On direct ignition systems, there is typically one valve operator, but there may be a second (redundant) operator. On in- 
termittent ignition systems, there is a pilot operator that allows gas to flow to the pilot hood and a main burner operator that 
allows gas flow through the appliance regulator to the main burner. 

* Appliance regulator system. As with millivolt powered valves, the appliance regulator performs two functions in elec- 
tronic valves: 

1, allow, adjust, or stop gas flow to the main burner according to operational control setting. 

2. maintain steady gas flow to the burner by adjusting to pressure changes 

The regulator accomplishes these functions through sensing and adjusting pressure on the two sides of flexible dia- 
phragms. Increasing pressure on one side of the diaphragm while reducing it on the other moves the position of a shutoff 
disc and adjusts or stops gas flow to the main burner. 


19.1.3 VAC Valve Ignition System 


‘There are two broad categories of electronic ignition found in VAC valve systems: direct ignition and intermittent pilot ignition. 


19.1.3.1 Direct Ignition 
Direct ignition means that the main burner is ignited directly by a heat source. There is no pilot assembly and no pilot flame. 
‘There are two types of direct ignition: hot surface ignition (HSI) and direct spark ignition (DSI). 


19.1.3.1a Direct Spark Ignition (DSI) 

The control module responds to heat demand from the thermostat, wall switch, Direct spark igniter 

or remote by generating high voltage, low current electrical pulses. The high volt- 

age pulses (35,000 volts, low amperage) are transmitted from the control module 

through a heavily insulated wire to the spark electrode, which is positioned over 

the main burner. The electrical pulses spark from the electrode to the metal sur- 

face of the main burner. As the control module is generating sparks, it also powers 

the 24 VAC gas control valve to allow gas to flow for approximately 4-7 seconds. © ccs 
If the main burner ignites within the 4 to 7-second ignition try, the control 

module generates a small electrical current that passes from the flame rod through the flame to the burner, is converted to 

DC microamps by flame rectification and then is grounded back to the control module. When flame is sensed by this signal, 
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the control module stops generating sparks. As long as this signal returns to the control module, the module powers the gas 
control valve to continue gas flow. 

If the control module does not receive a DC microamp signal transmitted from the flame rod through the main burner 
flame within 4-7 seconds, the module stops the flow of gas and stops generating sparks. Some electronic control modules 
try for ignition only once and then lock out. Manufacturers recommend waiting for a specified time period, usually 5 min- 
utes, between attempts to light. The thermostat or wall switch is cycled from ON to OFF to ON. ‘This waiting time is an 
important safety consideration to prevent a dangerous, potentially explosive buildup of gases. Propane gas takes longer to 
dissipate than natural gas. 

Some control modules try for ignition more than one time. Units that retry ignition will have a waiting period between 
the tries. It is important to know the control module sequence for the technician’s safety in servicing the appliance. 

The control module powers the valve as long as flame rectified DC microamps are received, or until the thermostat, wall 
switch, or remote satisfy heat demand or are turned off. If the main burner flame is lost, or if the flame rectification circuit 
is interrupted by a faulty ground, or if the flame drifts away from the flame sensing rod, the control module shuts off power 
to the control valve to stop gas flow. 


_ Direct spark ignition (DSI) operational sequence 


e Switch 
¢ Remote Control 
¢ Thermostat 


High Voltage 
Spark Generator 
Powered 


© Gas Valve Opens 
(4-7 seconds) 

e Burner Lights No Flame Sensed 

© If Flame Is Sensed (Lockout Or Lighting 

(Flame Rectification) Retry Occurs) 

Spark Generator 

Ceases 


Power Interruption 
(System Shuts Down But 
Restarts With The Return 
Of Power) 

Loss Of Burner Flame Will 
Also Shut Off The System = 
(Lockout Or Lighting E 
Retry Occurs) 


Burner Stays Lit 


Cycle “Off” 


Burner “Off" 
© ccs 
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19.1.3.1b Hot Surface Ignition (HSI) 

‘The igniter is a small rectangular, fork-like or round element (tungsten carbide or oth- 
er materials) positioned near the main burner. Some hot surface igniters require 110 
VAC and others work on 24 VAC. Like an element on an electric range, the current 
meeting resistance in the element creates heat. Warm up time for the element to reach 
high enough temperature for gas ignition is typically 6-34 seconds, depending on the 
type of element. 

When the control module senses the level of resistance necessary for ignition tem- 
perature, it powers the operator coil in the automatic gas control valve to let gas flow 
to the main burner for about 4-7 seconds. 

When ignition of the main burner takes place, a small electrical current is sent to 


Hot surface ignition 


Silicone carbide ignitor 110 VAC 


-—)_ = 


24 VAC silicone nitride ignitor 
©ccs 


the flame rod and passes through the flame to the burner. ‘The current returns to the control module as a DC microamp cur- 
rent that signals that the flame is present by the process known as flame rectification (see Flame Rectification after 19.4.1.2 


below). For systems with separate flame rods and igniters, the control module discontinues power to the igniter. For systems 


Hot surface ignition (HSI) operational sequence 


° Switch 
° Remote Control 
e Thermostat 


Hot Surface 
Igniter Powered 
Warmup Time 

Of 6-34 Seconds 


24 VAC Or 110 VAC 
Igniters 


° Gas Valve Opens 
(4-7 seconds) 

e Burner Lights 

e If Flame Is Sensed HSI 

Goes Off 


No Flame Sensed 
(Lockout Or Lighting 
Retry Occurs) 


Power Interruption 
(System Shuts Down But 
Restarts With The Return 
Of Power) 

Loss of Burner Flame 
Will Also Shut Off The 
System (Lockout Or 
Lighting Retry Occurs) 


Burner Stays Lit 


Cycle “Off” 
Burner "Off" 
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where the igniter doubles as flame rod, the control module reduces power to the igniter/flame rod on proof of flame. If the 
control module does not receive the DC signal within the 4-7 seconds, it stops the flow of gas to the main burner and dis- 


continues the current flow to the hot surface igniter. 


19.1.3.2 Intermittent Pilot Ignition (IPI) 

A pilot flame is ignited by a spark generator or hot surface igniter. The igniter is 
typically powered either by 24 or 110 VAC, but some valves also offer battery 
back up so that the appliance can operate in a power outage. When the thermo- 
stat, wall switch, or remote signals heat demand, the control module powers the 
pilot side of the automatic gas control valve (designed for intermittent pilot). 
Gas flows only to the pilot burner. The control module generates sparks or pow- 
ers the hot surface igniter (depending on the type of pilot igniter) and allows 
gas to flow to the pilot burner for up to 30 seconds. When the control module 
senses the pilot flame by means of flame rectification, it allows gas flow to the 
main burner, which is ignited by the pilot flame. Some IPI valves offer flame 
modulation through a solenoid that controls the HI/LO control knob on the 


Direct spark ignition 


High voltage High voltage 
pilot spark pilot spark 
igniter/ igniter/ 
sensor sensor 


Intermittent pilot ignition (IPI) operational sequence 


¢ Switch 
© Remote Control 
e Thermostat 


Power Interruption 
(System Shuts Down But 
Restarts With The 
Return Of Power) 
Pilot Failure Main Valve 
Closes And Ignition 
Process Recycles 
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Pilot Igniter Powered 


Pilot Gas Opens 
(Pilot Lights) 


Flame Sensed 
(Flame Rectification) 
Pilot Igniter “Off” 


Burner Gas Opened 
Burner Lights 


Cycle “Off” 
Burner “Off” 
©ccs 


Spark Generator Or 24 
Volt H.S.1. 


Hot surface 
24 volt pilot 
igniter/ 
sensor 


Pilot Doesn't Light 
(Lockout After 60-90 


Seconds) 


— 


~ 


valve. When heat demand is satisfied or the appliance turned off, both the main burner and the pilot flame are extinguished. 
‘There is no pilot flame (standing pilot) unless there is a call for heat and the main burner is active. Note that some gas valve 
systems now offer the operator the ability to switch from IPI to continuous pilot operation, recommended by the appliance 
manufacturer to help draft start-up and to prevent condensation and appliance startup problems in cold weather. Some valves 
also include a feature that shuts down operation completely after a set time period, a feature which the operator can override. 

If the control module does not sense DC current from the flame rod within a 60-second time frame, the module closes 
the pilot side of the control valve and stops generating sparks or powering the hot surface igniter. The control module must 
be reset by turning the switch or remote from ON to OFF to ON or by turning the thermostat below room temperature 
and then back to a position demanding heat. 


19.1.4 Safety Shutoff System 

There are two types of safety shutoff systems used with electronic valves: thermoelectric millivoltage or flame rectification 
(DC microamps). 

19.1.4.1 Electronic Valve Safety Shutoff: Millivoltage 

Some automatic valves that are powered by household alternating current, stepped down alternating current, or DC battery 
voltage use a thermocouple for the safety shutoff system. As with millivolt powered manual valves, a thermocouple keeps the 
valve open until flame is lost. 


19.1.4.2 Electronic Valve Safety Shutoff: Flame Rectification 
We have seen that with millivolt powered valves, the pilot flame supplies the heat that is converted to the millivoltage that 
keeps the pilot flame portal open and that opens the main burner portal. The source of energy to hold the valve open is the 
pilot flame. With electronic valves, the energy to open and keep portals open is supplied by stepped-down house current. 
‘There is no thermocouple or thermopile heated by the flame to generate electricity. 

Instead, there is a flame sensing system that uses the flame in a unique way to “tell” the control module that flame is pres- 
ent and that the valve should continue to be powered in the open position, or that flame has been lost and that power to the 
valve should be stopped so that gas will cease to flow. 


How it works: flame rectification 
Rectification simply means conversion of electrical current from alternat- 
- ing (AC) to direct (DC). Instead of the current reversing direction (from i 
positive to negative and then negative to positive) 60 times per second (al- 
ternating current), direct current flows i in one direction (from negative to | 
positive) constantly. | 
Alternating current that flows from one conductor to another conductor 
| 
| 


Burner surface area 
at least four times Ground 


that is at least four times larger than the first one creates a diode, a device larger than probe 


that only allows electrical current to flow in one direction. The process of 
changing electrical current flow from alternating (back and forth) to direct I Be carrent 
(one direction only) is called rectification. On HSI and DSI systems, the = _—___ — ey on enon 
main burner is more than 4 times larger than the flame rod. On IPI sys- AC volts 
tems, the pilot hood is more than 4 times larger than the flame rod. a 
In the case of a gas burner, the flame conducts the current from the flame tod to the burner (main or pilot hood). 
The current exiting the flame and flowing 
Zone 5: Secondary air through the grounding system can only flow 
in one direction (from negative to positive) 
because it is rectified. The control module can 
only sense direct current, so the module sup- 
Zone 2: Surface of inner cone ios plies the power to keep the valve open only 
ae as long as the current sent by the Hame rod is 
rectified (changed to DC) by the flame. No 
flame, no » DC current, no gas flow. : 


Zone 4: Outer mantle (visible products of combustion) 


Zone 3: Area ionized and passes electrical flow 


Zone 1: Excess fuel ae combustion) 
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Flame Sensing System Components: 
¢ Flame Rod/Sensor. The flame rod is a small metal rod positioned close to the igniter. When the burner is lit, the control 
module sends a small electrical current through the flame rod into the flame. Since flame is a conductor of electricity the 
current travels through the flame to the main burner (HSI, DSJ) or to the pilot hood (IPI). 
¢ Burner Flame. The burner flame conducts the current furnished by the flame rod. It also changes this AC voltage to DC 
through a process called flame rectification. The very small DC current travels through the flame, then through the ground 
system back to the control module. 
* Grounding System. The metal burner pan or the metal fireplace cabinet is the common ground through which the DC 
voltage conducted through the flame must flow in order to reach the control module. 
* Control Module. The DC current (microamps) from the flame returns to the control module to complete its circuit. As 
long as the module senses this current, it continues to power the valve and allow gas flow. If the flame is lost, the DC signal 
ceases and the control module shuts down gas flow. The control module will also shut down gas flow if it does not receive 
the DC signal because the ground system is loose or broken. 


19.1.5 Flame Adjustment/Modulation 

Some VAC valves offer remote flame adjustment or modulation. Some valves allow infinite variation from low to high, oth- 
ers have pre-set flame levels. In all cases, the varying flame levels are accomplished by an AC powered servo (motor) that ad- 
justs the HI-LO pressure regulator knob or a solenoid that adjusts a pressure regulator plunger. 


19.2 Vac Control Valves with VDC (Battery Backup) 


19.2.1 Power Sources 

Under normal conditions, this type of valve is powered by household current stepped down by transformer, varying for dif- 
ferent valves, but typically in the 3-7 VAC range. In the event of a power outage, a battery pack provides power, typically 
in the range of 3-6 VDC for the intermittent pilot version. In this situation, a normally open relay switch closes the circuit 
to the battery pack for backup operation when it loses the AC voltage from the transformer that had been keeping it open. 


19.2.2 Components 
Most of the components, including the control module, transformer, and the valve of the VAC/VDC Backup valve system 
are the same as or similar to those in the VAC valve system. 

‘The pack holds household batteries (typically in the 3-6 VDC range). ‘The valve and intermittent pilot system work just 
as they do with VAC from the transformer. 

A relay switch responds to the loss of AC power and automatically switches to battery power and then switches back to 
AC when transformer current becomes available again. 


19.2.3 Ignition System 

Valve systems with backup batteries, when using AC power, utilize an intermittent pilot ignition (IPI) system. A spark ig- 
nites the pilot flame, the flame is proved by flame rectification (or in some valves by millivoltage generated by thermocouple 
or thermopile), and the control module allows gas flow to the main burner. When heat demand is met or the system turned 
off, both the pilot and main burners are extinguished. An optional feature on some valve systems with backup batteries is 
continuous pilot mode. By turning a switch on the module or selecting this feature on a remote control, the user can choose 
IPI or continuous pilot operation. Manufacturers of gas fireplaces with this feature usually recommend using IPI mode for 


maximum efficiency. They recommend using continuous pilot mode during cool or cold weather to provide updraft during 
burner ignition and to reduce condensation on the door glass. 


19.2.4 Safety Shutoff System 


As a pilot ignition electronic valve, this system typically uses flame rectification to verify the presence of pilot flame. The loss 
of pilot flame (whether it is operating as an intermittent or standing pilot) cuts off the DC microamp signal to the control 
module, which cuts off gas flow to both the pilot and main burners. Some valves of this type use millivoltage supplied by a 
thermocouple or thermopile for the safety shutoff system, 
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19.2.5 Flame Adjustment/Modulation 

In addition to manual adjustment of the HI-LO pressure regulator knob, some remote controlled versions of the valve of- 
fer remote flame adjustment to high or low. This may be accomplished by a solenoid-operated plunger that controls the 
pressure regulator. 


19.2.6 Operation Sequence 
With AC power, the system works like a standard IPI system. When the system is operating from batteries and the contin- 
uous pilot feature is engaged, the pilot flame stays on as long as the valve system is turned on. 


19.3 VDC Control Valve System (Battery Powered) 


This category of valve is powered solely by batteries supplying DC voltage for gas control functions. There are different types 
of valves with different capabilities and features, as well as different approaches to ignition and safety systems. They all are 
automatic electronic valves in that they can be controlled from a remote control or switch, and the source of power to op- 
erate the valve is DC voltage. 

Although the terminology and names for some of these valves has not been standardized in the hearth industry, we look 
at typical features in different types of valves used with hearth products. We look at general descriptions of the variations in 
function and capabilities here. 


19.3.1 VDC Battery Power: No Control Module 

Voltage for this type valve is sent directly to the valve operator from a remote control receiver or remote switch, so they do 
not require a control module. They may be manually lit (by a match or piezo igniter). For safety shutdown they use conven- 
tional standing pilot assemblies when the flame is not present or, for unvented appliances, ODS pilot assemblies when the 
oxygen level in the area drops below 19%. 


19.3.1.1 Latching Solenoid Valves 
A solenoid is a coil of wire that becomes a magnet when current passes through the coil. Latching solenoid valves do not 
require control modules. Instead, they send voltage directly to the valve operator from a remote control receiver or remote 
switch. ‘There are two variations in these valves, based on the range of valve control they offer. Both require manual pilot ig- 
nition and use a thermoelectric (millivolt) safety system: 

One type of latchtap valve uses the solenoid after pilot ignition to turn the main burner to full on or to full off (the only 
two positions), with the continuous pilot lit until manually turned off. 

‘The other type of latchtap valve uses the solenoid to position the valve operator so that the main burner can be remotely 
changed to the high or low burn positions, as well as to off (with the pilot continuing to burn until turned off manually). 


19.3.1.2 Servo Valves 

‘This type of valve uses a servo, or small motor, powered by the battery receiver, to add the capability of infinite adjustment of 
flame height. The DC power is delivered directly to the valve operator without a control module. ‘The pilot is ignited man- 
ually, and a thermocouple is used for the safety system. 


19.3.2 VDC Battery Power: Control Modules 

The addition of control modules for this type of battery-powered valves adds functions such as infinite variation of fame, 
thermostatic control, timer functions, and control of accessories. The main sub-categories of this type valve are based on the 
safety system. 


19.3.2.1 Power Source 

The currently available system powers valve functions with household batteries, typically providing 3-6 VDC. Battery-pow- 
ered functions for some valves include direct spark pilot ignition, flame adjustment and shutdown by a solenoid or motor 
(servo) that adjusts the main gas valve opening, and overall valve control. 

19.3.2.2 Components 

* Receiver. ‘Ihe receiver houses the batteries and control module type electronic components that receive and send com- 
mands for valve functions. The receiver also houses the capacitor that stores and relays power to the pilot electromagnet to 
initiate ignition. The receiver is connected by furnished cables to the valve. 
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* Valve. Like other valves, this valve type is an intricate series of openings and passageways for gas flow to the pilot and main 
burner, a pressure regulator, and valve operators. 

¢ Servo. The valve either comes with, or can be retrofitted with a servo (motor) component that mechanically opens and 
adjusts the main gas opening in the valve. 


19.3.3 Safety Shutoff 
Two safety shutoff systems are found in VDC continuous battery powered valves: millivolt (thermoelectric) pilot systems 
and flame rectification. 


19.3.3.4 Millivolt Pilot System 

‘The thermocouple generates power for a safety magnet that holds a keeper for gas flow to the pilot burner and to the main 
burner operator. If pilot flame is lost, gas no longer flows to the pilot burner or to the main operator (and therefore no lon- 
ger to the main burner. If batteries fail, the valve can be operated manually. The thermocouple continues to provide pilot 
flame failure monitoring and shutoff. 


19.3.3.2 Flame Rectification 

In valves that employ flame rectification, the flame conducts electrical current to the flame rod to the burner (main burner 
or pilot hood). The current exiting the flame and flowing through the grounding system is rectified, or converted to DC 
microamps. The control module can only sense DC power, so the module supplies the power to keep the valve open only as 
long as the current sent by the flame rod is rectified by the flame and delivered to the module. 


19.3.3.3 Flame Adjustment/Modulation 

Different valve and remote control models allow different functions and variations, including infinite variation of flame, 
thermostatic control, and timer functions. Flame modulation is accomplished by motorized (servo) opening and closing of 
the main gas opening (not adjustment of the pressure regulator as in other flame modulation valves). 


19.4 Multiple/Optional Power Sources 


Among the many developments in valve technology for hearth appliances are valves that offer different options for the pow- 
er source. ‘These valves may depend on how they are connected or whether an optional transformer is used for the normal 
source of power. Gas valve manufacturers may also customize valves for specific hearth appliances. In all cases, it is essential 
for the hearth systems planner, installer, and service technician to know and understand the available valve options and to be 
certain about what the specific power source chosen and employed for the appliance being planned, installed, and serviced. 


19.4.1 Power Source 

The valve may offer the power source choice of stepped down 

VAC with VDC battery backup or continuous VDC battery VAG to VDC transformer 

power. Another valve technology offers the choice of VDC con- ‘This type transformer is constructed and operates on 
tinuous battery power or an optional transformer that steps down the same principles as a VAC to stepped down VAC 


and rectifies household VAC to low VDC (see text box VAC to transformer (see 19.1.2.2 above). After the house- 


VDC Transformer). hold voltage is stepped down, however, a rectifier 
Multiple power source valves may offer manual, intermittent  “ifcuit changes the voltage from AC to DG, and a 
pilot (IPI), or direct spark (DSI) ignition systems. smoothing capacitor then provides smooth, steady 


Some valves that offer power source options utilize millivolt — DC voltage. 
pilot safety systems; others use flame rectification. 

Different valve and remote control models allow different functions and variations, including hi/lo flame adjustment, in- 
finite variation of flame, thermostatic control, and timer functions. 
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We look here at problems that may occur with electronic systems. The information applies to all types of electronic systems un- 
less otherwise indicated by these designations: DSI (direct spark ignition), HSI (hot surface ignition), or IPI (intermittent pilot 
ignition). Where necessary, we designate IPI-ds for intermittent pilot systems that use a direct spark pilot igniter and IPI-hs for 
those that use a hot surface pilot igniter. In each case we look at ignition problems and then at main burner ignition problems. 


20.1 Electronic Ignition Troubleshooting 


Electronic ignition systems can have ignition problems due to a lack of sufficient heat or a lack of gas. 


20.1.1 Lack of Heat Problems 


‘The igniter may fail to provide heat because the incoming voltage is inadequate or absent, or the igniter itself may be dirty 
or defective. 

Questions that will help focus the problem include: 
¢ Is the incoming voltage to the control module (or receiver on some battery-operated systems) and to the igniter correct? 
° Does the switch, remote control, or thermostat function properly to relay heat demand? Are limit/lockout devices func- 
tioning properly? 
* Is the wiring from the control module/receiver to the igniter proper? DSI/IPI-ds: Is the electrode tip free from carbon or 
other deposits? 


20.1.2 Electronic Ignition: Lack of Gas 


The gas supply or pressure may cause problems. The problem may be associated with improper current or wiring. Diagnos- 
tic questions include: 

* Is there gas flow? Is it adequate and under the proper pressure? Is there any blockage of the supply line or the burner itself? 
° Is the voltage correct? Is the wiring correct? 


No heat source 
Turn on appliance. 
Igniter powered? NO * For VAC valves, verify incoming supply voltage of 110 VAC. 
Measure with a multimeter. Correct as necessary. 


For VAC valves, check for correct voltage on the transformer 
secondary (outgoing)side. For battery-powered or battery 
backup valves, check for correct DC voltage output of the 
receiver or battery pack. 


Check for a defective switch device (i.e., thermostat, 

wall switch, remote control). Confirm with a multi-meter 
continuity check. (Refer to the electrical section for proper 
test procedure.) 


Check for open or defective limit/lockout devices. Reset and 
replace as necessary. 


DSI/IPI-ds; Check electrode positioning. 1" gap is 
recommended. Correct as necessary. 


HSI/IPI-hs: Visually check to see if the hot surface igniter is 
broken. Replace as necessary. 


Check electronic control module wiring. Rewire as necessary. 


HSI (110 VAC): Verify 110 Volt supply to control module with 
multimeter. Correct as necessary. 

Check to verify operating input voltage to module with a 
multimeter. If voltage is good and all previous items are OK, 
the module is defective. Replace electronic control module. 
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No gas 


Burner lights 
e Check for multiple shut-offs in the supply line. 


e No or low gas (propane supply). 


© Check for air in the lines and purge if necessary . 


DSI/HSI; Check for low gas pressure by testing outlet gas 
pressure. Adjust as necessary. 


e IPI: Check to verify that the pilot adjustment isn’t closed. 
Re-open if necessary. 


DSI: Check electronic control module for miswiring. 
Re-wire as necessary. 


HSI: Measure voltage output (to the valve) of the 

electronic control module. Remember the “window 

of opportunity.” Most HSI systems will require 6-34 seconds 
of warm-up time. During this time, no voltage will appear. If 
the burner doesn’t light in 4-7 seconds, any voltage present 
on the module output terminals will disappear. 


HSI warmup time 
6-34 seconds 
=0 volts 


Control opens valve 
from 4-7 seconds 
=24 volts 


“WINDOW 
OF 
OPPORTUNITY” 


(no fire) control closes valve 
=0 volts 


IPI: Measure voltage output (to the pilot valve) of the 
electronic control module (MV/PV & PV) or battery 

powered receiver. If proper voltage is not present, replace 
the control module. 


Measure voltage output (to the valve) of the electronic 
control module. If prper voltage is not present, replace the 
control module. 


DSI/HSI: Measure the voltage at the gas valve terminals if 
voltage is present but the valve is not opening (“clunk” or 
“clink” will be heard when it opens). Check the valve by 
conducting a continuity test on the operator head. 


IP]: Measure the voltage at the pilot MV/PV & M gas valve 
terminals if voltage is present but the valve is not opening. 
(A clunk or click will be heard when the valve opens.) check 
the valve by conducting a continuity test on the pilot coil. 


© HSI: Check polarity of incoming power supply at the 
module. L1 = black wire = 120 V. L2 = white wire = neutral. 
Correct if necessary. 


¢ Check for blocked burner ports, burner tubing, burner orifice 
or gas control valve. Remove blockage, or in the case of the 
control valve, replace it. 


e IPI: Check for blocked pilot tubing, pilot orice, or gas control 
valve. Remove blockage, or in the case of the control valve, 
replace it. 
©ccs 
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20.1.3 Direct Spark Igniter Problems 


If the igniter continues to spark after the main burner lights, it may be a flame rectification problem (discussed below), a 


grounding problem, or a control module problem. 


Igniter 
powers off? 


©ccs 


¢ DSI/HSI: Check flame and sensor position. 
Correct as necessary. 


e IPI: Check pilot flame and sensor position. 
Correct as necessary. 


¢ DSI/HSI: With a multimeter, check grounding between burner, 
flame sensor, and control module. 


¢ If above two are good, replace control module. 


¢ IPI: With a multimeter, check grounding between pilot burner, 
flame sensor, and control module. 


20.2 Electronic Ignition: Main Burner Problems 


20.2.1 Limit Controls and Lockout Devices: Lack of Air or Excessive Temperatures 
The main burner may not stay lit because of limit controls or lockout devices. Or on direct vent units, the problem may be 


venting. Questions to consider include: 


* Are there any control or limit devices that are interfering? Are they defective or are they indicating a problem correctly? 


Burner is 
monitered NO 
and stays lit 


| Turn “oft” | 
©ccs 


¢ Recheck previous three steps 


© Check all temperature limit controls and lockout devices for 
being defective or open. 


Reset or replace as necessary. 


Correct open temperature limit controls by finding cause of 
overheating: 


— circulation blockage in the unit 
— burner orifice too large 


— too much gas pressure 


Correct open spillage limit controls by defining the cause of 
flue gas spillage and fixing it: 


— blocked flue 
— flue too large (causing extreme cooling of gases) 
— too much horizontal run 

— downward slope in any horizontal run 

— too many turns/elbows 


— uninsulated flue in cold areas 


On direct-vented units, check for air starvation. Lifting ghostly 
blue flame is an indication of air starvation. Check with 
manufacturer's directions regarding proper venting. Correct 
vent problems as necessary. 
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Troubleshooting Electronic Systems 


¢ What is causing the problem? 
¢ Is there an improper flame on a direct vent appliance? Is the venting configuration done according to manufacturer's 
instructions? 


20.2.2 DSI/HSI Flame Rectification Problems 


In order for the main burner to stay lit and function properly: 
¢ ‘There must be a proper flame to conduct the current supplied by the sensing rod. 
¢ The circuit from the sensing rod through the flame and back to the control module must be grounded properly. 
¢ ‘The electronic module must function properly. 
20.2.2.1 DSI/HSI Flame Problems 6 
The following flame conditions can prevent proper flame 
rectification. The possible causes are included for each: 
¢ Noisy lifting flame. Check for: 

° High gas pressure 

e Excess primary air or draft 


¢ Waving flame. Check for: Noisy lifting flame Waving flame 
© Poor draft 
* Excess draft 
¢ High velocity of secondary air ES a 

* Small blue flame. Check for: 


® Clogged ports or orifice filter 
e Wrong size orifice 
e Inadequate pressure 
¢ Lazy yellow flame. Check for lack of air from: 
e Dirty or improperly adjusted primary air opening 
° Large ports or orifice 


Small blue flame Lazy yellow flame ccs 


Example: testing direct spark ignition control module 
Consult manufacturer’s diagram for specific valve wiring 


20.2.2.2 DSI/HSI Grounding Problems 


Check for ground or continuity between: Flame sensor Temperaiive Vg 23 | 
— TO -> Burner AND Burner — TO — Control mod- 
Transformer 


ule ground 
Control module 


20.2.2.3 DSI/HSI Control Module Problems 

Confirm by testing with a multimeter proper microamp 
current to the control module. If microamp DC current 
is present, but the control module does not recognize it, 
replace the module. 


Thermostat 


20.2.3 IPI Flame Rectification Problems 

In order for the main burner to stay lit and function 
properly: 

¢ There must be a proper pilot flame to conduct the 
current. 8 
¢ The circuit from the pilot igniter/sensor through the : Tig -B + nADC 
flame and back to the es caeinte must be Sein —— Elaine: 
ed properly. rectification 
° The electronic module must function properly. 


20.2.3.1 Flame Problems 
‘The following pilot flame conditions can prevent proper 
flame rectification. The possible causes are included for each: 


voltage 
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° Noisy Lifting Flame. Check for: 
¢ High gas pressure 
¢ Excess primary air or draft 
¢ Waving Flame. Check for: 
¢ Poor draft 
¢ Excess draft 
* Recirculating products of combustion 
Small Blue Flame. Check for: 
Clogged orifice filter 
¢ Wrong pilot filter 
° Low gas supply 
° Pilot adjustment at minimum 
Lazy Yellow Flame. Check for lack of air from: 
° Excessive draft at pilot 
¢ Recirculating products of combustion 
¢ Dirty primary air opening 


Noisy lifting flame Waving flame 


4 


Small blue flame Lazy yellow flame 


20.2.3.2 IPI Grounding Problems 

Check for ground or continuity between: 

Pilot igniter/sensor — TO —> Burner AND Burner 
— TO > Control module ground 


20.2.3.3 Control Module Problems 

Confirm by testing with a multimeter proper mi- 
croamp current to the control module. If micro- 
amp DC current is present, but the control module 
does not recognize it, replace the module. 


Example: testing hot surface ignition control module 
Consult manufacturer’s diagram for specific valve wiring 


@ 24VAC 


h 
when valve open 410 VAC 


@ 24 VAC 
when valve open 


Hot surface 
igniter 


Burner 


Gas control 


when igniter 


8) 
8—+ADC is powered 


flame 
rectification L1 (hot) 
voltage 
L2 


Voltage In — Voltage Out 


Example: testing intermittent pilot ignition control module 


Consult manufacturer’s diagram for specific valve wiring 


©  sfit WA DC 
flame rectification 


voltage 
Fis 


2nd 
operator | operator 


Dual valve combination 
gas control 


Pilot burner/ 
igniter-sensor 
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_SECTION 6 | FLAME PRODUCTION & CONTROL 


We look now at the components downstream of the control valve that are responsible for proper flame pro- 
duction and control. Not only does the owner judge the performance of the system on the appearance of the 
flames, improper flames are symptomatic of problems that must be avoided, from sooting to the possibility 
of CO production. 

We consider first devices that stop or prevent appliance operation in unsafe conditions, safety lockout and 
limit switches. Then we turn to orifices, simple but important devices that direct and control the rate of gas 
flow to the burner (pilot or main burner). In the next chapter, we look at the working principles of main burn- 
ers and at various types and configurations of main burners. 

Finally we cover causes of main burner problems and their remedies, including the effects of venting problems. 


Chapter 21| Safety and Operational Switches 

Chapter 22 | Orifices - 

Chapter 23 | Main Gas Burners 

Chapter 24 | Troubleshooting Main Burner Performance Problems 
Chapter 25 | Venting and Ventilation Problems 
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Safety & Operational Switches 


Pilot safety and flame rectification systems sense and respond to the ab- 
sence of flame by shutting off gas flow. There are other potentially dan- 
gerous situations affecting appliance operation that require addition- 
al safety devices. These include switches that prevent the operation of 
the appliance in unsafe conditions (safety lockout) and switches that 
respond to prescribed temperature limits by shutting the appliance off 
(limit switches). 


21.1 Safety Switches 


21.1.1 Safety Lockout Switch 


A safety lockout switch is a control system that prevents further opera- 
tion of an appliance until a malfunction or potentially hazardous condi- 
tion is corrected and the system reset manually. 

With natural vent gas hearth appliances, common safety lockout 
switches are located on: 

° glass doors to prevent the operation of the appliance when the door 
is open or off the appliance 

* damper control to prevent the operation of the appliance when the 
damper is closed. 

Safety lockout switches are wired into the electric circuit of the appli- 
ance. ‘They prevent or break the flow of electricity needed to allow gas 
flow and appliance operation. They may be normally open (N.O.) or 
normally closed (N.C.). 


21.1.2 Safety Limit Switch 

A limit switch in a gas hearth appliance responds to excessively high 
temperatures by shutting off the appliance. This type of limit switch is 
also known as a thermal switch. The heart of the limit switch is a bimetal 
sensor. At a prescribed temperature, the bimetal sensor moves by expan- 
sion to open the switch contacts. When these contacts are open, electri- 
cal current ceases to flow, and gas is shut off. 

Some limit switches are wired to turn off only the main burner; others 
shut down the entire system, including the pilot. High temperature lim- 
it switches are included on many gas hearth appliances, but they are not 
required by appliance standards. Some switches are normally open and 
others normally closed. Some limit switches reset themselves after they 
cool off; others require manual resetting. 

‘The Vent Safety Shutoff Switch required in B vent appliances is a ther- 
mal switch that opens and breaks the circuit that provides power to the 
gas control valve when excessively high temperatures indicate a blocked 
or disconnected vent that fails to draw adequate excess air through the 
draft hood. The switch is wired to an interrupter block connected to the 
thermocouple on millivolt powered valves. 

Although limit switches are very dependable, they may malfunction 
because of faulty internal or external connections. If the internal or ex- 
ternal contacts have become corroded, pitted, or have loose connections, 
they may prevent the limit switch from operating properly. 

External connections can be cleaned easily and reconnected. If internal 
connections are pitted or corroded, the limit switch should be replaced. 


Lockout/limit switch wiring diagram 


High temperature 
limit switch (N.C.) 


Thermopile/thermocouple 
produces power or DC voltage 


+ Red wire (inlet) 
— White wire (outlet) 


Door safety 
switch 


Wires carry the 
voltage flow 


Valve coil winding 


Lockout switches 


Limit switch operation 
Copper 


Housing 


Terminal 


Yj, Plunger 
Limit 
contacts 


Bimetal disc 
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Safety & Operational Switches 


1.2.1 Characteristics of Properly Operating Safety Limit Switches 
Normally Closed: 
¢ In its normal, closed position, there will be a continuity of electricity flowing be- 
tween electrical contacts. 
¢ In its open position (activated by a rise above the pre-set temperature) there is no 
continuity, causing current flow to stop. 

Most high temperature limit controls are normally closed, but there are hearth appli- 
ances with normally open switches. These normally open switches are polarity sensitive, 


so manufacturer's instructions must be followed closely. 
Interrupter block 


1.2.2 Characteristics of Defective Safety Limit Switches: 

Normally closed: 

¢ In its normal, closed position, there is a lack of any electrical flow between the elec- 
trical contacts. 

¢ Fails to open at the pre-set activation temperature. 


votsrupiar black 21.2 Operational Switches 


Limit controls 


Manual reset 
limit control 


Reset 
button 


Automatic reset 
limit control 


No reset 
button 


Thermocouple 
connector 


A control limit switch turns a component on and off according to pre-deter- 
mined temperatures. Gas hearth appliances may use a control limit switch to 
delay the activation of a blower until temperatures are sufficient for draft and 
comfort and turn it off when those temperatures drop below the minimum 
level. Such switches are normally open and close at the factory set temperature. 


Interrupter 
Gas valve block 
thermocouple 
“connection ~©ccs 


They must be disconnected and heated to test them for continuity. 
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Orifices 


Despite their small size and apparent simplicity, orifices perform a critical and complex function of maintaining the prop- 
er gas input level to the appliance. This function is critical for appliance safety in ensuring proper gas input, as well as for 
proper appliance performance. It is a complex function due to the variables that play a role in gas flow rates. The purpose 
here is to achieve familiarity with some of the kinds of orifices and a basic understanding of the principles of orifices and 
their effect on gas flow. Servicing and/or changing orifices should only be performed by qualified persons with a complete 
knowledge and needed manufacturer's reference material concerning orifice sizing and service. 


22.1 Gas Flow Rate 


In order to understand the principles of orifice sizing, it is first necessary to be aware of the factors that affect the gas flow 
rate through the orifice: 
* Orifice size 
° Inlet gas pressure forcing the gas through the orifice 
° Specific gravity of the gas. 

‘These factors are variable and interdependent; if any two of them are held constant, a greater volume of gas will flow with 
the following change in the other factor: 

1. a larger orifice 

2. higher gas pressure 

3. a lower specific gravity gas. 

Orifice sizes and capacities are listed in tables in industry reference materials. 

‘The gas pressure is measured using a pressure gauge such as a manometer or digital pressure gauge. The specific gravity of 
the gas is a known factor based on the type of gas used. 


22.2 Appliance Input Rating 


The predictable nature of gas as fuel allows for precise sizing of appliance burner capacities and therefore precise demands 
for the volume and heating potential of the gas supplied to the appliance. The input rating is the gas-burning capacity of 
an appliance in BTUs per hour as specified by the manufacturer. This BTU per hour capacity is important for safety con- 
siderations in avoiding improper input rates and in appliance performance considerations. 


22.3 Orifice Size 


The purposes of the orifice are to control the direction of gas flow for proper mixing of air and gas, and to control the vol- 
ume of the gas flow to the appliance. Proper sizing depends on appliance input rating, the type of gas (its specific gravity), 
and gas manifold pressure. 


22.3.1 Input Rates 

Orifice size has a direct effect on input rates (which may be expressed in terms of volume of fuel per unit of time or as heat 
units per unit of time, such as cubic feet per hour or BTU per hour). The larger the opening, the greater the volume and 
heat potential of the gas supplied to the appliance. Or, if the appliance gas pressure increases, the gas flow through the or- 
ifice increases. 

Appliances are usually shipped with the proper orifice for the altitude of intended use, or information is provided on the 
rating plate for orifice size at different elevation. Orifice sizing tables are based on the BTU per cubic foot of a gas at a certain 
specific gravity and manifold pressure. In any situation that calls for changing an orifice, care must be taken to determine the 
BTU input rating of the appliance AND the BTU content of the available fuel gas. For example, some gas suppliers in high 


elevations oxygenate the gas, which changes the BTU content. Refer to installation instructions for altitude adjustments. 


22.3.2 Specific Gravity 

Since the specific gravity of a fuel gas determines its heat value, it follows that changing the kind of gas supplied to the ap- 
pliance requires changing the orifice size to maintain the same input rate. For example, the opening size for LPG (2,500 
BTU per cubic foot input rate) must be smaller than the opening size for natural gas (1,000 BTU per cubic foot input rate) 
in order to maintain the same appliance input rating. Attention must be paid to specific gravity in reading sizing tables. 
Tables supplying factors to convert from one specific gravity to another are available. 
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Orifices 


Insert type pilot orifice Pilot orifice configurations 

Gas flow Chamber Orifice a aD QO 
; Circle Rectangle “D” type 

Spud type pilot orifice Pilot and main burner orifices 


Pilot burner orifice—hole is much 
smaller than on a main burner orifice 


Gas flow Chamber Orifice 


=. 


Main burner orifices © 1996 Gas Research Institute 


22.4 Orifice Spud Categories 


The correct term for the device that limits gas flow before it reaches the burner is orifice spud. Although these devices 
are commonly referred to simply as orifices, the orifice is actually the opening in the orifice spud. There are a number 
of categories of orifice spuds. They may be categorized according to general purpose (fixed, adjustable, and universal), 
function (main or pilot burner), opening shape, and installation type. For our purposes here, our discussion is limited to 
fixed orifice spuds. 


22.4.1 Pilot Orifice Spuds Plug type orifice 
Pilot burner orifice spuds are either an insert type that slips into the pilot burneror Threaded seat 
the spud type that is pressed into a base. 
‘The openings on the pilot orifices have different shapes. They may be round, rect- 
angular, or D-shaped. Because of the small openings, the pilot burner orifice spud 
is usually, but not always, marked with an “N” for natural gas applications or “LP” 
for propane gas. Pilot burner orifice spuds are usually constructed of stainless steel. 
Pilot orifices are usually, but not always, marked with “N” and a number for 
natural gas or “LP” and a number for propane. Some manufacturers use colors to 
distinguish orifices. Pilot orifice sizes are assigned, so as the numbers get larger the : 
opening gets larger. Cap type orifice 


Chamber 


22.4.2 Main Burner Orifice Spuds Threaded Orifice 


seat 


Main burner orifice spuds may be either plug or cap type. The plug type is usually 

any orifice spud that is pressed in or threaded into the valve or manifold. The cap _ i : 

type has a cap nut that holds it in place. Main burner orifice spuds are made of dif- = | oo 

ferent materials, including brass, ceramics, and stainless steel. 
Main burner orifices are larger than pilot orifices. They may be marked with an _ flow 

“N” for natural gas or “LP” for propane. A stamped number indicates the numbers 

are based on wire gauges, so they increase in size as the number gets smaller. 
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22.4.3 Low rate screw 
Some gas valves (with Hi/Lo capabilities) use a low rate screw to control the amount of BTUs produced at the low setting. 
Commonly brass in color, the rate screw does not rely on the pressure regulator for low BTUs instead, it is controlled by the 
flow of gas through the low rate set screw inside the gas valve. As a result, the low rate screw provides a more accurate BTU 
flow at the low settings. 

A low rate set screw is like a small internal orifice spud that screws into the body of the gas valve. It usually has a number 
stamped on top of the exposed face, which refers to a numbered drill bit size commonly used with main burner orifice sizing. 
Manufacturer's instructions may require that the low rate screw be changed when converting from one gas type to another. 


22.5 Orifice Problems 

Orifices spuds are precise devices, so care must be taken to avoid nicking or scarring the orifice face. This damage can cause 
interference with the stream of gas. Other problems include: 

* Complete or partially clogged orifice blocks the flow of gas. 

* Cross-threaded or misaligned cap type orifice spud allows the gas to flow into the burner at an improper angle and with 
an unsteady stream. 

* An incorrectly sized orifice — too large a size — causes an excessive BTU rating. Too small an opening creates an under- 
gassed BTU input or delayed ignition. 


22.6 Servicing Orifices 
Occasionally the orifice requires service. The orifice should be cleaned only with air, solvents, or soft materials (softer than 
the orifice itself). Care must be taken in cleaning to avoid enlarging the opening by reaming or drilling with a hard object. 
Often a solvent applied with a soft bristled brush will adequately clean and open a clogged orifice. The flow of gas through 
an orifice generally exceeds 100 miles per hour; therefore, the orifice should be carefully inspected for nicks or burrs and re- 
placed rather than repaired if needed. Never peen or re-drill an orifice to change the diameter of the opening. Only use the 
smooth shaft end of a drill bit to check orifice size. 

If the orifice is damaged or cannot be cleaned adequately, it should be replaced with the same size and type orifice. If the 
fuel for the appliance is changed or if the consumption rate of the appliance is improper, changing the orifice size should be 
done only by a qualified technician with full knowledge of orifice sizing. 


22.7 Fuel Conversion 


For standing and intermittent pilot appliances, both pilot and main burner orifices must be changed according to manufac- 
turer's instructions when converting from one fuel to another (natural to propane or vice versa). There is only a main burner 
orifice to change in the fuel conversion procedure with direct ignition electronic appliances. 
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ain Gas Burners 


The main gas burner is a device for the final conveyance of gas or of a mixture of gas and air to the combustion zone. Main 
gas burners determine or affect flame characteristics (color), appearance (height, stability), efficiency (completeness of com- 
bustion) by the way they provide and mix air for combustion. Gas burners in hearth gas-burning appliances are constructed 
of metal (aluminized steel, stainless steel, or cast iron) or ceramics and are configured in many different styles, including sand 
and media burners in hearth appliances. 


23.1 Combustion Air 


As one of the three elements of the combustion triangle (Chapter 2), air is essential to combustion. Moreover, the amount 
of air in relation to the fuel and the location it is supplied and its source affect combustion, flame characteristics, and flame 
appearance. 


23.1.1 Makeup 

Combustion air may be composed of 

¢ air mixed with the gas before burning (primary) 

* air available near the flame and combusted as burning takes place (secondary) 
¢ and air not directly involved in combustion (excess). 


23.1.1.1 Primary Air 

Air that is mixed with fuel gas before the air/gas mixture exits the burner port and burns is known as primary air. Burners 
that mainly employ primary air are known as blue flame or bunsen burners. Air that mixes with the fuel gas enters through 
openings in the burner body known as air shutters (see further discussion below). In most gas burners, only part of the need- 
ed combustion air is supplied as primary air. 


23.1.1.2 Secondary Air 

Combustion air surrounding the flame is known as secondary air. Secondary air is introduced into the flame after the gas and 
primary air mixture have been ignited. It may be supplementary air in the case of a blue flame burner, or it may be a criti- 
cal source of combustion air in a yellow flame burner. In a yellow flame burner, hydrogen is stripped from the fuel during 
combustion, leaving carbon that glows when burned. This type flame is used in hearth appliances to imitate a wood-burn- 
ing flame. 

23.1.1.3 Excess Air 

Ideally, the sum of primary and secondary air consumed in combustion equals 100% of the air required for complete com- 
bustion. Incomplete combustion occurs when this is not achieved. Additional air supplied to assure complete combustion 
beyond the theoretical amount of primary and secondary needed is known as excess air. Although an adequate supply of 
excess air must be furnished for complete combustion, too much excess air can reduce efficiency by transporting heat away 
and reducing combustion zone temperatures. Excess air may also be introduced into the venting system to moderate and 


balance draft, as with draft hood appliances. 
23.2 Air Control and Mixing 


A number of appliance components are responsible for controlling and mixing combustion and excess air for a proper burn. 


23.2.1 Orifice 


‘The opening on the orifice spud regulates and directs the amount of gas flowing to the burner. Gas flow rate is determined 
by the size of the orifice and gas pressure at the orifice inlet. The jet of gas exiting the orifice draws primary air into the mix- 
ing tube, where it is mixed thoroughly with the fuel gas. 


23.2.2 Air Shutter 


Primary air enters through the primary air opening. The amount of air entering this opening is adjustable on most appli- 


ances by means of an air shutter. ANSI standards call for air shutters to be substantially made, resist rusting, and hold any 
set position firmly. 


Adjusting the air shutter on the burner directly affects the amount of primary air entrained, or drawn, into the burner, 
and therefore affects combustion. The air shutter is typically set by the manufacturer and should only be adjusted accord- 
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Amount of - 
_ primary air 


“High 


| Flame —_—=ott to manufacturer's instructions. The key is balancing primary and secondary 
height = —ur_ so that the desired yellow flame is achieved. If this yellow flame impinges 
- on (contacts) a cooler surface, unwanted carbon monoxide and/or soot may be 
produced. Since yellow flames achieved by reduced primary air are the goal of 
some hearth appliances, the key is distinguishing between normal conditions as 
described by manufacturers’ instructions and excessive conditions that warrant 
corrective action. 

The air shutter may also need to be adjusted for high altitude. Because air is 
less dense (lighter) at higher altitudes, a larger shutter opening is required to deliver the same volume (by weight) of air. Note: 
Refer to manufacturers’ instructions for specific air shutter openings. 


Flame 
color 


Low More yellow 


than blue 


Taller 


More blue 


lo Shorter 
| than yellow | — 


How it works: burning speed 


The amount of air in the air/gas mixture also affects burning speed, the speed 
at which a flame moves through a fuel/air mixture (also known as flame ve- 
locity). Burning speed is one of the elements considered in burner design to 
avoid delayed ignition or extinction popping. 

Each type of gas has a range of burning speeds determined by the 
amount of air mixed with them. For example, natural gas mixtures be- 
tween 4% and 14% of gas in air will burn; above and below this range the 
burning speed is zero. At the lower end of this range burning speed is low, 
but it increases rapidly to its peak speed at about 10% gas, then falls off 
again in velocity at the 11 to 14% range. The importance of proper air ad- 


justment is underscored by the fact that flame stability is directly affected 0 10 20 30 40 50 60 70 80 90100 
by burning speed. Gas concentration in air-gas mixture, percent 
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Burning speed, feet per second 


23.2.3 Mixer 
‘The portion of the burner where air and gas are mixed before delivery to the burner ports referred to as the mixer. The main 
parts of the mixer are: 

1. Mixer Throat. The portion of the mixer with the smallest cross-sectional area and that lies between the air inlet and 
the mixer tube. The mixer throat is also known as the venturi of the burner. 

2. Mixer Tube. The portion that lies between the throat and the burner. 

The mixer is designed to assure thorough mixing of the fuel gas and primary air by forcing them together in the con- 
stricted mixer (venturi) throat and continuing the mixing as they travel down the mixer tube. The amount of air inject- 
ed, or drawn, into the venturi throat is determined by orifice size and gas pressure, specific gravity of the fuel gas, and air 
shutter opening size. 


Main burner mixer components Main burner mixer types 


Fixed 


re shutter 


Mixer Mixing tube 


head Gas/air 
; Orifice 
Primary air mixture 
opening to burner 


ray ey 
4 ; ‘ 
oN Shut Sah to, 


Mixer face — 


Orifice “Gas Throat 
spud __ orifice 


© Travis industries, Inc. 
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23.2.4 Burner Head 

The burner head is the portion of the burner that is supplied a fuel gas and air mixture by the mixing tube and which con- 
tains the burner ports (see burner configurations below). Its function in combustion is to provide uniform distribution of the 
air-gas mixture to the ports. The burner ports are the parts of the burner head that spread the flames so they can be reached 
by secondary air. The ports and their arrangements are precision set and should not be altered, reduced, or increased. 


23.2.5 Secondary Air Inlets 
The size and shape of secondary air inlets into the combustion chamber affects secondary air flow and is an appliance design 
factor which should not be altered. 

Proper venting affects the intake of both primary and secondary air, and therefore affects main burner combustion. Fac- 
tors such as flue outlet (the opening in an appliance for the escape of flue gases and products of combustion) size are an ap- 
pliance design consideration that should not be altered. 


23.3 Main Burner Configurations 


The basic types of main burners used in the 
hearth industry are pan burners, tube or box 
burner, and ceramic burners. 


Pan burner 


Propane: must have a manual safety 
valve, pilot burner and thermocouple 


23.3.1 Pan Burners 

Pan burners are used primarily with vented 
gas log sets. The burner is made up of a sheet 
metal pan with a short vertical rear wall, no 
front wall and inclined from front to back 


Manufacturer supplies Propane: must have short side walls. A tube with drilled ports ex- 
sand for natural gas and an air shutter. It would tends across the pan. The ports face the bot- 
vermiculite for propane be located about here. 


tom of the pan. This tube, which delivers the 
flame, is connected to a manual shutoff valve 
(only in locations permitting ANSI Z84 log sets) or a manual gas control valve. 

Natural gas pan burners for vented appliances are filled with a fine grain sand provided by the manufac- 
turer, The purpose of the medium is to distribute and control the flow of gas from the ports. Typically, no 
primary air is mixed with the natural gas before entering the burner. 

Propane pan burners for vented appliances are filled with vermiculite (a flaky noncombus- 


Orifice for propane 
_ pan burner 


built in. 

Vermiculite is used rather than sand due to the heavy nature of propane that would pre- 
vent it from flowing properly through sand. Propane pan burners must meet two important 
requirements: 

1. The burner must be equipped with a manual safety valve, including a pilot and thermocouple. 


2. The burner must introduce some primary air to be mixed with the propane before it enters the burner. 


Air mixer 


23.3.2 Tube Burners 


Tube burners are found in most gas hearth appliances. The burner is a steel tube that has an air shutter at one end and is 
closed at the other end. Tube burners come in a variety of shapes: straight, U-shaped, H-shaped, or S-shaped. Ports of differ- 
ent sizes and shapes are precisely drilled, cut, or punched in the tube at different locations and in different patterns. 

The larger ports are clustered in areas where the majority of the flame is intended to be. Carry-over ports, small rows of 
consecutive single ports between the larger clusters, transmit the flame to the different clusters. These small ports are very 
important in ensuring that all the gas flowing out of the burner ignites safely. On certain dual burner appliances, an ar- 


rangement of burner ports carries the flame from the lower burner to the upper burner. Neither the burner ports nor their 
arrangements should be altered in any way. 
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Tube burner Cluster of ports 


for main flame 


Carry-over ports: to ensure 


safe ignition over entire the ‘ 


» <—— Air shutter to draw in primary air 


Ae Closed end 


Steel tube 


© 1996 Gas Research Institute 


Box burner 


Punched ports 


va Gas 
Air shutter input 
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Ceramic burner 


Ceramic tiles 


5.4 
© 1996 Gas Research Institute 


Sheet metal box 


The opening at the air shutter draws primary 
air into the burner to mix it with the gas before 
the gas moves to the burner ports and is ignited. 
Manufacturers set the shutter to a proper posi- 
tion and may fix that position with a screw. Some 
air shutters are adjustable according to manufac- 
turer's instructions. 


23-3-3 Box Burners 


Box burners are constructed from sheet metal 
that is slotted or punched to form ports and then 
bent into a box shape. The seams are welded gas 
tight. Box burners also have an air shutter. 


23.3.4 Ceramic Burners 
A ceramic burner consists of a ceramic tile with 
numerous small ports arranged in a uniform pat- 
tern placed in a sheet metal box. The box holds 
the tile and provides a space where gas and pri- 
mary air mix. Ceramic burners are brittle and 
must be handled carefully. Bending or prying the 
burner can cause gas to leak around the tile. Gas 
leaks can change flame appearance and make the 
appliance unsafe to use. 

New designs for ceramic burners include mold- 
ed burners that look like a coal bed. Gas emerges 
from the hollow cavity beneath the mold. 


23.4 Burner Operation 


The call for heat in an appliance begins the pro- 
cess of gas flow to the mixer. Orifice size and gas 
pressure determine the gas flow rate. As the jet 
of gas molecules exits the orifice, the molecules 


collide with air molecules in the venturi throat and entrain, or sweep, them along the mixing tube toward the burner. ‘This 
action creates a negative pressure, or suction, at the air shutter openings, which pulls primary air into the mixer, The amount 


of primary air thus injected is increased by: 
1. the type of gas: propane draws in more air than natural gas 


2. increased velocity of gases with a smaller orifice or greater pressure. 


The air and gas mixture continue past the venturi throat 


Mixer operation 


through the mixing tube, enter the burner head and flow through 


the burner ports where they ignite. ‘[he size and configuration of 


Gasjet Venturi Positive 
Primary —4 pressure 
aie area 


Negative 
pressure 
area 


Mixing zone 


the ports, venturi throat restrictions, internal roughness of the 
burner, and burner temperatures all affect primary air injection 
and consequently, combustion. 

The burner flames draw in secondary air from around the 
burner to complete the combustion process. Arrangement of 
burner ports, size and shape of secondary air inlets, and proper 
venting affect secondary air and consequently, combustion. 
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| Troubleshooting Main Burner Performance Problems 


24.1 Sooting 


Soot is the result of incomplete combustion, which can be caused by lack of combustion air, insufficient heat (or cooling of 


the flame), or improper fuel. 


Main burner et soptine ee 


Cause a Corrective action re SES Sk Gs Ra Re ONE 


Lack of combustion air Air shutter setting | Adjust according to wahifecuiare s instructions 
causing sooting 


Air inlet screen on Remove lint, hair, etc. from screen 
unvented appliances 


Air restrictor (direct vent) | Adjust or verify proper installation 


Venting Check for and remove any obstructions. Check configuration of venting system 
against manufacturer’s instructions and correct. Make sure damper is ade- 
quately open according to manufacturer’s instructions for vented gas log sets. 
: Flame impingement / | Log placement | Adjust according to  manufacturer’s instructions oo 
_(contactwith logs) =| Embermaterial -—_—|. Adjust according to manufacturer's instructions 
L@uSINesOging ies’ 
' Fuel problem causing Orifice size if improper size or damaged, replace with correct size 
poaiS Gas pressure Adjust appliance pressure if needed and possible; replace pressure regulator if 
Vee defective; contact gas supplier if incoming pressure incorrect 
Fuel type If burning the wrong ines make fuel conversion according to manufacturer’s 
instructions 


Grade of propane fuel Have customer verify correct commercial grade propane 
with supplier (if all else 
checks out) 


Measuring Incoming and Outgoing Gas Pressure 


Pressure tests should only be performed by qualified technicians following man- 
ufacturers instructions and working with proper equipment. The information Gas outlet (manifold) pressure test port _ 
here is provided for familiarity with the process of pressure testing, not as : x 
specific instructions. Refer to valve manufacturer instructions and appliance 
manufacturer pressure specifications. A digital pressure gauge is recommend- 
ed for pressure measurement work. 


: Inlet/ outlet ports 


Measuring Incoming Gas Pressure 


1. Light the pilot. Keep the knob set to PILOT for next four steps. — Gasinlet eee test port 

2. Loosen input pressure tap (about 2 or 3 turns) 

3. Zero out digital pressure gauge Typical minimum Typical output 
4. Slip pressure hose over the inlet port __ input pressure* — pressures* 


5. Measure static inlet pressure. Should not be higher or lower than accept- 
able range listed by manufacturer. 

6. Turn control knob to ON to light the main burner (high setting on a vari- 
able flame height valve) 

7. Turn ON the main burner (high setting) 

8. Read dynamic inlet pressure (see minimum input pressure chart for valve 
being tested; varies with different manufacturers) 


9. Turn OFF burner 


*Pressures vary with different manufacturers — 
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10. Turn control knob to OFF 
11. Remove pressure hose 
12. Tighten pressure port screw 


Measuring manifold (outlet) gas pressure 

1. Light the pilot. Keep the knob set to PILOT for next three steps. 

2. Loosen outlet pressure tap (about 2 or 3 turns) 

3. Zero out digital manometer. 

4. Slip pressure hose over the outlet port 

5. Turn control knob to ON to light the main burner (high setting) 

6. Read high outlet pressure. 

7. If there is a variable valve regulator, turn the flame to the lowest setting. 
8. Measure the low outlet pressure. Verify that the high to low manifold pres- 
sure range meets the valve manufacturer's guidelines. 

9. Turn OFF burner 

10. Turn control knob to OFF 

11. Remove pressure hose 

12. Tighten pressure port screw 


24.2 Flame Appearance Problems 


The problems listed below apply to excessive conditions. It is necessary to 
determine if the flame pattern and color are normal according to manufac- 
turer's descriptions and instructions or indicative of problems calling for ap- 
propriate action. 

Check 


Condition Cause 


Poor ember glow Insufficient combustion air 


Blockage of burner ports 
by ember material 


Control valve measuring incoming 
gas pressure 


Inlet pressure 
test point 


Outlet 
pressure 
test point 


Typical output 
pressures* 


Typical minimum 
input pressure* 


*Pressures vary with different manufacturers 


Corrective action 


Adjust ember material according 
to manufacturer’s instructions 


Air shutter opening 


Lifting/blowing flames (hard, well- Excess primary air 


defined flames rise and burn some 


Air shutter opening 


Adjust according to manufacturer’s 
instructions 


Adjust according to manufacturer’s 
instructions 


distance above ports, sometimes 
rising and falling and sometimes 
creating flame noise) 


Incomplete combustion due 
to lack of combustion air 
(potentially dangerous) 


Floating (ghosting) flames (lazy, 
ill-defined, quiet flames which roll 
around, sometimes completely off 


Excessively high gas pressure | Appliance input rate 


Adjust air shutter 


Reduce if needed, using pressure 
gauge 


Adjust according to manufacturer’s 
instructions 


the port; usually accompanied by Poor venting 


Size of venting 


Adjust to manufacturer’s specs 


odor of aldehydes) 


Cracked burner Burner leak 


Repair or replace 


Clear obstructions 


Flame rollout (flames roll out of Overrating of appliance Venting blockage 
combustion chamber when burner Manufacturer's 
is turned on; variation of floating specifications 
flames where flames reach for air) 
_ Small Flames (accompanied by low Insufficient gas supply Orifice, venturi throat, 


i ae oo 


Reduce pressure if necessary, 
using pressure gauge 


burner ports for blockage 


Clean orifice carefully; replace if 
necessary. Clean throat and aes | 
replace burner if necessary. — 


Restricted or clogged gas 
supply line | 


Low gas pressure 


Remove and clean; as if 


necessary 
Adjust to proper rating, using oo 
manometer (continued). 
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Troubleshooting Main Burner Performance Problems 


Flame apheatanee ahiueelte (continued) 


/ Condition 2 “Corrective action 


No Yellow Flame Too much primary air Air shutter setting Adjust according to ; eanuictanee Ss 


instructions 


Crack in burner Repair or replace 


Gasket for leaks Rae as needed 


"Fluctuating flames (length — -Non-uniform gas. -—_—=+| Orifice for blockage 
Pe Hee ae | Pressure at orifice | Pressure regulator 
"made to burner)” te 8 ae cS adjust or fe if necessary : 
Bo _.|Gassupply = ~—~—~__ | Checkincoming pressure; if i incorrect ee 
Sats Hee SAS ISR Easy “gas supplier; do not attempt aan t OR 
oe Supplier's pressure regulator 
Flashback (air/gas mixture | Excessive primary air Air shutter setting Adjust according to manufacturer’s 
ignites near orifice, instructions 
usually cresting BOE like Burner input underrated | Input rate Adjust pressure according to manufacturer’s 
a blowtorch; production Laser é Veri 
f aldehydes and carbon instructions using a pressure gauge. erify 
e : . orifice properly sized. 
monoxide possible; soot secant Rena pte a ec Rene eg nee ne A SUM ae eral 
clogging of burner inside) Cracked burner Burner leaks Repair or replace 
Valve leak Flashback with valve control | Replace valve; replace burner if necessary 


knob in OFF position 


24.3 Burner Noise Problems 


Burner noises can be annoying to the user, indicative of another problem that needs correction, or both. What is the nature 
of the noise? What is the probable source of the noise? What is the cause of the noise? 


Condition Cause Check Corrective action 
Flame noise (rumbling or Excessive primary air Air shutter Adjust according to 
gurgling) : manufacturer’s instructions — 
Orifice noise (buzz or high- Trash in orifice Condition of orifice Clean carefully; replace if 
pitched shrill noise) necessary 
Improper orifice size Manufacturer specifications Replace if necessary using 
orifice sizing tables 
Excessive gas pressure Manufacturer specifications Adjust gas pressure according 
to manometer 
Air intake or mixer noise Rough areain mixing tube or _| Condition of mixing tube and Smooth interior surface; 
(rattling or rumbling noise) venturithroat venturi throat replace if necessary 
Loose debris in mixing tube or Clean out — 


| venturi throat 


Burner not seated covertly over | Proper distance between orifice | Seat burner over orifice 


orifice (distance between orifice | and burner throat _| properly — 
oS and throat too large) - ee 
Flex connector noise (high Undersized flex connector Size of flex connector Replace flex connector (do not 
pitched whistling noise) adjust valve to stop noise) 
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Venting & Ventilation Problems 


We have seen that problems with the venting system or with the exchange of air in and out of a house can affect pilot and/ 
or main burner performance. We look in more depth here at the causes and solutions for the problems in different types of 
venting systems and different house ventilation situations. In addition to appliance performance problems related to venting 
systems, we also examine the causes of and solutions to flue gas spillage. 


25.1 Troubleshooting Venting Problems 


Venting systems can suffer from four basic problems: 

1. inadequate draft (failure to produce the force needed to draw combustion air in and to expel flue gases) 

2. excessive resistance to flow (vent size, system configuration, obstructions that prevent proper movement of flue gases 
through the venting system) 

3. excessive negative house pressure (house stack effect and/or competing sources of negative pressure result in lack of 
combustion air for appliance and/or flue gas spillage) 

4. excessive draft (producing a force that exceeds the needs for combustion air). 

Each of the first three problems, or a combination of them, results in inadequate combustion air and/or inadequate flow 
of flue gases. The symptoms and diagnostic questions may be similar: 

Are the flames lazy and tall? Is there unexplained sooting? Does the vent safety shutoff system (where applicable) stop op- 
eration of the appliance? Does the spillage test indicate spillage? 

The fourth problem, excess draft, which would not typically affect Type B vent systems with draft hoods or unvented ap- 
pliances, can result in ignition problems and main burner flame problems. Diagnostic questions include: 

Are the flames very active and compact? Is there sooting on the logs caused by flames moving away from their intended 
burn position? Does the pilot go out and shut the main burner down unexpectedly? 

As an aid to understanding and troubleshooting these problems, we look at the symptoms, probable causes, and corrective 
actions for each of the major types of gas venting systems: 
° Type B vent (utilizing draft hoods) and other conventional venting systems (chimneys and liners) that interact with the 
house interior and exhaust to the outdoors 
° Unvented (appliances that interact with the house interior and exhaust to the indoors) 
* Direct vent (sealed venting systems that draw all combustion air from and send all exhaust to the outdoors). 


25.1.1 Troubleshooting Conventional Vent Problems 
Type B vent is not typically susceptible to excessive draft. The action of the draft hood in offsetting high draft by drawing in 
more excess air moderates strong draft. If diagnostic questions lead to the conclusion that there is inadequate draft, excessive 
resistance to flow, or excessive negative house pressure, the features of the venting system and house that will help pin point 
the problem include: 
* Inadequate draft. Does the vertical height of the venting system meet manufacturer and code minimum height require- 
ments? Are the joints of pipe and the connection to the draft hood securely fastened? 
* Exposure to cold. Is the vent exposed to the outdoors (particularly in cold climates) that may cause condensation 
problems? 
° Excessive resistance to flow. Is the vent the size recommenced by the manufacturer? Are horizontal runs in excess of the 
manufacturer's recommendations? Is there adequate rise (usually at least 1/4" per foot) in horizontal runs? Are there more 
elbows than recommended by the manufacturer? Are there obstructions in the venting system? Are sections of the pipe dam- 
aged or bent? 
° Excessive negative house pressure. Are there strong exhaust devices such as a kitchen range exhaust, bathroom exhausts, 
central vacuum system? Are there other combustion devices (fireplace, furnace, water heater)? Is the construction of the 
house very tight? Is the conditioned space of the house significantly taller than the vent termination? Is there significant leak- 
age in the upper part of the house? 

In addition to these questions, it may be necessary to conduct a spillage test. 


Spillage Test 
Spillage is a potentially hazardous condition since most spillage is not detectable by color, odor, or taste. If the appliance is 
improperly adjusted or the blockage prevents complete combustion, carbon monoxide, a very toxic gas, may be produced. 
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Operate the appliance for approximately 


$00 ofinnces before checking for spillace, Spillage testing: draft hood Spillage testing: appliance front 


Flame Flame 
in out 


Use an open flame (match, lighter) or smoke 
(cigarette, rope) to determine if spillage is 
present. To test for spillage for a freestanding 
appliance, move the flame or smoke device 
across the draft hood of the appliance. 

If the appliance has a recessed draft re- 
lief system, move the flame across the front 


Elser eee eek 
openin hich may be incorporated into : : 
i ‘ ow 1 y £ P ce Drawn in: Blown out: Drawn in: Blown out: 
the trim panel (see manufacturer's instruc- no spillage Snillaes nespillage ees 


tions). If the flame or smoke is drawn into 
the opening, there is no spillage. 

If the flame or smoke is blown out or away from the opening, spillage is present and corrective action should’be taken 
before operating the appliance further. (Direct vent appliances cannot be tested for spillage in this manner.) 


Type B vent problems 


| Symptom Corrective action 


Lazy, tall flames Add vertical height 


Sooting 


Inadequate draft Venting system height 


Unexpected shutdown Pipe sections loose or not connected 


(vent safety shutoff) 


Secure according to 
manufacturer’s instructions 


Spillage 


Bent, damaged pipe 
Down drafts 


| Replace 


Lazy, tall flames Excessive resistance to flow | Too many elbows Change system configuration 
Sooting Excessive horizontal run 

' Unexpected shutdown Inadequate rise in horizontal run Change rise 

(ventsafety shutoff) Obstructions Remove 

| Spillage 


Use high wind termination cap 


Exhaust devices 
Other combustion devices 
Tight construction 
House stack effect 


Sooting 
Spillage 


Excessive negative house 
pressure 


Determine by analysis and/or 
house pressure test whether 
balanced make up air system is 
needed 


Chimneys and liners can experience the same problems as Type B vent, with both similar and different causes. 


Chimney and liner problems 


_ Symptom | Corrective action — 


Lazy, tall flames Inadequate draft Venting system height Add vertical height 

Sooting Oversized chimney flue Liner loose or not connected Secure according to 
Unexpected shutdown (vent Flue gas cooling Cross Sectional area of Hue manufacturer’s instructions 
safety shutoff) Spillage 


Use approved relining system 


‘Exhaust devices — Determine by analysis and/or 


- Sooting 


| Excessive negative house 


oo So Other combustion devices house pressure test whether 
oS : balanced make up air system 
— Tight construction ceded 
House stack effect ee 
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25.2 Troubleshooting Unvented Appliance Problems 


Although there is no venting system as such on unvented appliances, there are situations that prevent intake of adequate 
combustion air. 


Unvented problems 


Symptom ‘Correctiveaction = 


Inadequate combustion air Clean lint, dust, pet hair 


Lazy, tall flames Air intake screen 
Sooting Excessive negative house Determine by analysis and/or house 
pressure pressure test whether balanced 
make up air system is needed 
Odors Off gassing from household Presence of new materials Ventilate; wait for dissipation 


materials (carpet, furniture, etc.) 


Manufacturer's recommen- | Replace with log set with smaller 


"Unexpected pilot outage _ Inadequate combustion air (input : 
3 : reboxsize ——_| input ra 


_ (gas log setsin fireplace) | rating too great 
fe enon Size) 


25.3 Troubleshooting Direct Vent Problems 
The most likely source of direct vent problems is failure to follow the appliance manufacturer's instructions and specifications 
for the venting system configuration and components. Non-powered direct vent is a balanced system by design, so only the 
configurations approved by the manufacturer should be used. Although not listed below, direct vent systems can be adversely 
affected by negative house pressure in extreme cases. 


Direct vent problems 


Lazy, tall flames Inadequate draft Seal according to manufacturer’s 
Sooting instructions 


Unexpected shutdown 


“Lazy, tall flames | Excessive horizontal run | Add verticalheight 


| Change configuration to meet 


| Number ofelbows 


Very active, compact flames | Excessive draft Height of vent Use vent restrictors according to 
Sooting on logs manufacturer’s instructions 
Unexpected shutdown 
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Gas hearth products require periodic inspection, maintenance, and repair. Service is, therefore, an essential 
part of safety and customer satisfaction considerations. In terms of safety, service may mean preventing prob- 
lems by proper cleaning and performing maintenance, or it may be responding to problems by adjusting or re- 
Yy prop g P g y p gtop y adj g 
placing malfunctioning components. Only qualified persons should attempt any service or repair procedures. 
Customer satisfaction is promoted by the technician using professional work habits, having a neat appearance, 
Pp vA SP g Pp 
and being courteous. 


Chapter 26 | Annual Service 
Chapter 27 | Repair & Fuel Conversion Service: General Recommendations 
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Annual Service 


Gas appliances should be inspected before use and at least annually by a qualified service person. The best approach to prop- 
er and safe gas appliance performance is preventive maintenance. From the customer’s standpoint, an annual inspection 
and cleaning means increased reliability and optimum performance of their unit. It may minimize more expensive repairs 
and avoid the inconvenience of interruption of use. For the technician, annual service can be a valuable source of off-season 
income. Performed with efficiency and courtesy, it can be a source of customer goodwill. The basis of all service and repair 


work is safety. 


26.1 Service Safety Considerations 


Whether working with your own installation or one you are unfamiliar with, caution is always called for. General safety 
guidelines include: 


26.1.1 Qualifications 


Warning! Do not service appliances if you are unqualified! Unqualified persons who attempt to service gas burning appli- 
ances risk serious or fatal injury to themselves and to persons served by the equipment. 


26.1.2 Manufacturer’s Instructions 


Proper preparation for the service call will aid you in protecting yourself and the equipment being serviced. Prepare by read- 
ing the instructions for the appliance. Virtually all manufacturers provide installation instructions on their websites. If pos- 
sible, do the reading in advance, but if not, read the instructions on the job site. 


26.1.3 Previous Service 
Ask the appliance owner if anyone else has tried to service or actually has serviced the appliance. For example, has the owner 
tried to light the appliance prior to your arrival? Such information is extremely important since fuel gas may have been re- 
leased and accumulated in the appliance. Attempting to light the appliance could result in an explosion, harming you, the 
customer, and the equipment. 

Also ask if anyone has ever serviced the equipment. This service history can be helpful in deciding on a safe course of action. 


26.1.4 Using Caution 

* Remote Controls. Disconnect all remote controls. Frequently, infrared, ultrasonic, or radio frequency remote controls 
are used to turn on the equipment. Steps must be taken to prevent the appliance from accidentally being turned on by a re- 
mote control during service. 

* Electricity. Use extreme caution when working around all electrical components and wiring. Many appliances use 110 
volts AC to power fans. Mishandling high voltage wires can cause injury and/or damage equipment. Although the reduced 
voltage (24 volts AC) that energizes the system controls may not cause personal injury, equipment can be damaged or de- 
stroyed if wires are improperly connected or crossed. Cut electricity off at proper times during servicing. 

* Hot Surfaces. Fuel burning equipment has surfaces that remain hot some time after shutoff. Caution must be exercised. 
* Fuel Gas, Check for leaks and gas accumulations when appropriate. Cut gas supply off when appropriate during servicing, 


26.2 Annual Service Procedures 


The procedures and forms suggested here are representative of common annual service approaches. They should be tailored 
to specific appliance, regulatory, and company concerns. 

The annual service call can begin with questioning of the customer to determine if there are problems or changes in per- 
formance. Gas and electric supply are shut off before actual service begins. Inspection and cleaning can then include, but 
not be limited to: 

e Pressure relief mechanism 
° Pilot burner 

¢ Main burner 

° Main burner chamber 

* Control devices 


° Safety devices 
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Annual Service 


¢ Electrical connections 
¢ Thermostat (if applicable) 
¢ Fans/blowers (if applicable) 
¢ Venting system. 
Different appliances and installations call for different approaches and procedures in servicing, but general guidelines for 
annual service include: 


26.2.1 Gas Leakage Test 


After inspecting and cleaning applicable components, the technician turns gas and electricity on again and conducts a gas 
leakage test of the appliance piping and control system downstream of the shutoff valve in the appliance supply line. Use an 
electronic gas sniffer (preferred) or a leak detection solution. Never use a flame for this purpose. 


26.2.2 Gas Pressure Test 


After the leakage test, verify with a manometer that incoming gas pressure stays within the acceptable range indicated in the 
appliance instructions. Test both static (appliance off) and dynamic (appliance on) pressures. 


26.2.3 Operational Test 


26.2.3.1 Pilot 

¢ Relight the pilot according to manufacturer’s instructions (usually labeled on or near the control). If the pilot goes out, 
light it again. If it fails to stay lit, the thermocouple/ thermopile may be defective. Check it with a millivolt meter and re- 
place if necessary. 

¢ Adjust the pilot flame if necessary. In general, a properly adjusted pilot flame is blue and contacts about one third of the 
thermocouple/thermopile. Refer to the manufacturer's instructions. The pilot adjustment screw may require removing a cap 
screw to make adjustments. Increase the height of the flame by turning the screw counterclockwise; decrease flame height 
by turning the screw clockwise. 

¢ Clean carefully or replace the pilot orifice if needed. 

° If above procedures do not result in a correctly adjusted pilot flame, shut off gas and electricity to the unit. Disconnect 
and remove the pilot tube. With two open-end wrenches, loosen the nut attaching the pilot gas line. Use a soft wire (brass) 
to dislodge deposits from inside the pilot line. Never use a hard instrument to clean the opening. Reassemble the pilot as- 
sembly and reinstall. Turn on gas and electricity. Leak test the pilot assembly. Relight the pilot. 

26.2.3.2 Main Burner 

¢ Turn the unit on. Determine that the pilot is burning properly and that main burner ignition takes place properly on the 
demand for heat. The ANSI gas hearth appliance standards require in testing that the gas from burners be effectively ignited 
within 4 seconds without delayed ignition, flash back or damage to the appliance. Test the safety shutoff system to make sure 
that dropout rate is satisfactory (30 seconds for direct vent appliances, 3 minutes for conventional and unvented appliances. 
° Observe characteristics of the main burner flame for 15 minutes to verify proper patterns: no floating, lifting, or flashback 
and no flame impingement that may cause sooting. Compare flame patterns to descriptions in the owner’s manual. Adjust 
the primary air shutter if needed. 

¢ ‘Turn the unit on and off several times to assure proper operation, 


26.2.3.3 Flue Spillage Test 


After 5-10 minutes of main burner operation (and while operating), the flame of a match should be sucked inward at the 
draft hood or front of the appliance. If not, the unit should be shut down until the cause of the improper draft can be de- 
termined and corrected. 

After checking individual components, operate the system to check safety and operational controls. 


26.2.4 Service Records 


Upon completion of annual service, apply a dated service sticker in an unobtrusive place on the appliance. Records noting 
service, repairs, and appliance condition should be maintained for annual notification purposes. 
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Repair & Fuel Conversion Service: 
General Recommendations 


Earlier sections on control and safety components of gas hearth appliances begin the process of familiarization with parts 
and problems, but the wide range of potential repair problems and service opportunities goes beyond the scope of this man- 
ual. While a more specific troubleshooting and repair manual is planned, we offer the following general recommendations. 


27.1 Repair 

No matter what kind of repair job, some simple guidelines may help: 

* Be sure you understand the problem fully. A careful face-to-face conversation with the owner may provide better infor- 
mation than a telephone dialogue or brief work order. 

¢ Understand customers’ states of mind: they may he fearful about their safety and/or investment, irritated about the in- 
convenience, unsure about the technician's ability. The technician can build owner confidence through proper appearance 
and demeanor, clear, polite communication, and thorough cleanup upon completion. 

* Understand fully repair or replacement procedures. Refer to instruction or service manuals. If you are uncertain or un- 
qualified, do not attempt repair or service jobs. 

¢ Always turn off gas and electricity to the unit at appropriate times during repair work. Follow all safety guidelines. 

* Upon completion of work, turn the unit on and off several times to check performance and operation. 


27.2 Fuel Conversion 


Converting an appliance from burning one type of fuel gas to another is a fairly common service request. 
Fuel conversion must follow industry guidelines provided by the manufacturer and organizations such as AGA. ‘These 
guidelines include, but are not limited to the following: 
* Not all appliances are tested and listed for use with both natural gas and propane. Conversion should not be made if the 
appliance is not approved for use with the intended fuel gas. 
* Unvented appliances are set at the factory for either natural gas or propane. They cannot be converted from one fuel 
to another. 
* For appliances with pilots, both the pilot and main burner orifice spuds must be changed. 
¢ Manufacturer’s recommendations for orifice sizes must be followed. 
° Pressure regulators be replaced and adjusted according to manufacturer’s instructions. 
* For electronic ignition appliances, components are replaced according to manufacturer's instructions are replaced and gas 
pressure set with a manometer or pressure gauge according to manufacturer’s recommendations. 
¢ Some manufacturers may require replacement of the main burner. 
¢ Valves should be marked with appropriate labels noting conversion. 
° Leak tests should be conducted with electronic sniffer or leak detection solution. 
° The primary air shutter should be adjusted for proper flame characteristics. 
Fuel conversion should only be performed by a knowledgeable, qualified technician. 


27.2.2 Appliance Fuel Conversion Procedures Pilot orifice 


‘The exact steps for fuel conversion vary with different manufacturers and different appliances. Fuel changeout 


conversion must be completed following the manufacturer's instructions and must be performed by 
a knowledgeable, qualified technician. The procedures for converting from one fuel to another are 
described here to provide understanding of the process, not as “how to” instruction. 


27.2.2.1 Orifice Changeout ~ £4 
Both the pilot and main burner orifice spuds must be changed out. For conversion from propane to 
natural gas, the new orifices will have larger openings; from natural gas to propane, the new orifices 
will have smaller openings. In both cases, the air shutter must be adjusted. Removal of the orifice 
spud should take place with gas not connected or shut off to the appliance. The pilot assembly and 
main burner should be allowed to cool if either has been in operation. 

Pilot Orifice Spud. On some models, the compression nut holding the pilot tube is loosened so 
that the pilot tube can be disconnected. If the pilot orifice spud is lodged inside the pilot assembly, 
tapping on the assembly from above should make it fall out. The new pilot orifice spud is inserted 


~©CCS 
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in place and the compression nut is tightened to reconnect the pilot tube. This connection must be leak tested after the heater 


is installed and the gas is connected. 


On other models, the pilot hood assembly is removed by unscrewing attachment screws or by lifting the pilot hood. The 
assembly is lifted for access to the orifice retainer. The retainer is lifted and the orifice spuds changed out. Then the retainer 


is replaced and the pilot assembly re-attached. 


And another model does not require disassembly to convert the pilot. Instead, pushing a mechanism in the pilot one di- 
rection makes it ready for natural gas, for propane in the opposite direction. 


Pilot orifice changeout 


Appliance regulator changeout: 


— modular 
Remove the _—-g B Pull the pilot Om Pilot orifice 
pilot hood ae : orifice retainer retainer 
assembly by -PAAN! pilothood and pilot 
eee | assembly are ze A—- Pilot orifice Regulator body 
attachment to remove chance tt 
screws 


©ccs 


1 
1 
1 
i 
1 
1 
1 
1 
1 
i 
‘ 
1 
1 
i 
H 
1 
1 


Main Burner Orifice. The main burner may have to be removed for access to the orifice. The air control shutter is rotated 
out of the way so that the orifice spud can be unscrewed and removed on some models. Thread sealant is applied to the new 
orifice spud before installation. Note: Teflon tape should not be used for propane applications. 


27.2.1.2 Appliance Regulator Conversion 


Manufacturer's instructions must also be followed closely in changing out the appliance regulator or its components. On 
some appliances, the whole regulator body is changed out. 
On other models, parts such as the regulator spring and gasket are changed out. 


Example: appliance regulator parts changeout 


SZ 


Cap screw. es a — | a Silver = 
Pressure oe eens Rees: Ee ROE 
regulator Pressure regulator White White 
housing adjusting screw 


Sorng tapered 
end down) 
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The new regulator is adjusted according to appliance manufacturer’s instructions using a pressure gauge. Whether the 
valve or regulator components are changed, pressure should always be verified as correct for the new fuel. Never attempt to 
adjust pressure by size or color of the flame. 


27.2.1.3 Main Burner Adjustment 

‘The main burner may have to be changed out on some appliances. The logs may have to be replaced or adjusted. 

The primary air shutter will have to be adjusted. That usually involves loosening a set screw and turning the air shutter for 
the proper opening. 

27.2.2.4 Conversion Label 

After leak testing all disturbed connections, attach a label as instructed to notify the type of fuel gas to be burned in the ap- 
pliance. 


Air shutter adjustment 


Orifice Orifice 


Primary air shutter Primary air shutter 


@ccs 


Propane: larger air shutter opening Natural gas: smaller air shutter opening 
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Outdoor Gas Hearth Appliances 


It is not surprising that fire would be a central element in the phenomenon that has swept the country in recent years, known 
as the outdoor room. The view of a blazing fire brings enjoyment, comfort, and a sense of tradition to this new home area 
for celebrations and for relaxation with family and friends. 

Both the tradition of firewood and the convenience of gas both attract many customers to a wide array of outdoor hearth 
products and designs. As with the indoor versions of these hearth systems, outdoor hearth products call for a proper level of 
knowledge and expertise in planning and installing fire safely in outdoor areas. 


A.1 Codes And Standards 


The starting point for knowledge of outdoor gas hearth appliances is a discussion of building codes and safety standards re- 
lated to these products. The discussion begins with awareness of the relatively short history of outdoor gas hearth appliances 
in terms of being an organized, recognized product category referenced in codes and standards. The result is variations in 
product listing and requirements in the field and the market. 


A.1.1 Building Codes 


As the process of developing and gaining participation in product safety standards specifically for outdoor hearth appliances 
was underway, the Fuel Gas Codes provided guidance for field installations. In the 2009 edition, IFGC required that appli- 
ances installed in outdoor locations either be listed for outdoor installation or be provided with protection for environmental 
factors that influence operability, durability, and safety of the appliances.’ The 2012 edition of IFGC now requires that per- 
manently fixed-in-place outdoor decorative appliances be tested in accordance with ANSI Z21.97 Outdoor Decorative Gas 
Appliances and installed according to manufacturer's instructions. NFGC provides that appliances not listed for outdoor in- 
stallation, but installed outdoors should be provided with protection “to the degree that the environment requires.” In addi- 
tion, the NFGC requirements allow that appliances that are listed for outdoor installation can be installed without protection 
in accordance with the manufacturer's installation instructions. NFGC also indicates that unlisted outdoor open-flame dec- 
orative appliances can be installed according to manufacturer's instructions and with clearances of at least 36 inches from the 
sides of the appliance. These appliances cannot be located under overhead combustible construction.’ In both codes, applianc- 
es installed outdoors, but not so listed, might be subject to AHJ interpretation of necessary protection against the elements. 


A.1.2 Product Safety Standards 


We look now at the standard that was developed in the late 1990’s specifically for outdoor gas hearth appliances, ANSI 
Z21.97 Outdoor Decorative Gas Appliances. This standard replaced interim requirements IAS 4-96 and CSA CR97-03 
(which may still appear in installation manuals). 

ANSI Z21.97 provides minimum requirements for construction, performance, and testing. As with other product test- 
ing, the standard provides safety warnings and information requirements that must be provided in the manufacturer's in- 
stallation and operation instructions. While much of the standard is similar or identical to standards for indoor gas hearth 
systems, there are differences that manufacturers of outdoor gas hearth appliances must conform to. 


A.1.2.1 Definitions 
Z21.97 includes these fundamental definitions of the appliances it covers and the area where they are used: 
¢ Outdoor Decorative Gas Appliance. An appliance for use in outdoor spaces only, which does not incorporate a venting 
system, and whose primary function lies in the aesthetic effect of the flame. 
* Outdoor Spaces. In 721.97, an appliance is considered to be outdoors if it is installed with shelter no more inclusive than: 
1. With walls on all sides, but with no overhead cover; 
2. Within a partial enclosure which includes an overhead cover and no more than two sidewalls. These sidewalls may be 
parallel, as in a breezeway, or at right angles to each other; or 
3. Within a partial enclosure which includes an overhead cover and three sidewalls, as long as 30% or more of the hori- 
zontal periphery of the enclosure is permanently open. 
We will see in our discussion the relationship of these maximum shelter specifications to ventilation and venting, and ul- 
timately to appliance performance. 


1 IFGC-12; -09: 303.6 
2 NFGC-12;-09: 9.1.23 
3 NFGC-12: 10.32.2 
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In addition to these basic definitions, the standard indicates that outdoor hearth appliances are classified as portable, sta- 
tionary, or built-in.* All of these appliance types are able to be connected to a fixed fuel piping system. Connections to dif- 
ferent self-contained LP supply systems, however, are based on appliance input rating and type of appliance.’ 


A.1.2.2 Outdoor Appliance Construction Requirements 

Requirements for Z21.97 listed outdoor hearth appliances that are not found in indoor hearth appliance standards include: 
* Loose burner media that could be damaged or moved by wind is not to be used.° 

e Ferrous (iron) materials used in appliance construction are coated to protect against corrosion.’ 

* Ceramic fiber burner bodies and porting are not to be used in outdoor gas fireplaces.* 


A.1.2.3 Fuel Supply 
Outdoor gas hearth appliances connected to natural gas or propane (LP gas) fixed piping system must conform with local 
codes and/or NFGC or IFGC. 

Non-disposable propane cylinders compatible with the appliance and manufacturer’s instructions can be used with out- 
door gas hearth appliances. ANSI Z21.97 includes ventilation requirements enclosures for these cylinders that must be met 
by the appliance manufacturer when supplied with the appliance. Enclosure ventilation requirements for site-constructed 
enclosures for LP cylinders must be included in installation instructions of manufacturers who allow them (see discussion of 
enclosure requirements in A.4.2 below). 


A.1.2.4 Testing 
In addition to these appliance construction and fuel supply requirements, there are two significantly different testing proce- 
dures that outdoor gas hearth appliances are subjected to. 


A.1.2.4.a Rain Test 
Outdoor gas hearth appliances are subjected to a number of tests to ensure that moisture, such as rainfall, does not compro- 
mise the safety or proper functioning of these appliances. Spray heads are arranged in positions that are deemed most critical 
and then operated at a given pressure for 15 minutes. At the conclusion of exposure to the simulated rainstorm, there cannot 
be evidence of damage or malfunction of any part of the appliance, nor evidence of accumulation of water being retained 
in any part of the appliance that would be likely to cause malfunction. At 10 minutes after the spray heads are turned off, 
the appliance must ignite without delay at normal pressure. After an additional 3 minutes of operation, the appliance must 
operate in a normal manner. 

Appliances that are equipped with electrical equipment and wiring operating at 120 volts are further tested for current 
leakage and integrity of electrical insulation. 

Appliance with glass fronts are operated for 1 hour at an increased test pressure, then subjected to the rain test for 5 min- 
utes. At the conclusion of exposure to the simulated rainstorm, there cannot be any cracking, crazing, or breaking of the glass. 


A.1.2.4.b Wind Test 

Outdoor gas hearth appliances are also tested to ensure that they operate properly in moderate wind conditions. A blower 
that produces 10 miles per hour wind velocity is directed toward the test unit. Under these conditions, the appliance must 
meet these requirements: 

¢ a pilot must be capable of being lit 

¢ the main burner must ignite from its ignition device without excessive delay 

¢ the main burner flame not become extinguished by the wind 

° appliances without automatic safety shut-off devices must not become extinguished when exposed to a wind velocity of 
31 miles per hour. 


A.1.2.4.¢ Glass Front Barrier 
A barrier to prevent direct contact with the glass viewing area must meet testing requirements that include glass viewing cov- 
erage area, acceptable burn potential test, maintaining shape and position under force, prevention of finger penetration at 


4 ANSI Z21.97-12, -10: 1.1.1 

5 ANSI Z21.97-12, -10: 1.1.2-1.1.8 
6 ANSI Z21.97-12, -10: 1.2.12 

7 ANSI Z21.97-12, -10; 1.3 

8 134 ANSI Z21.97-12, -10: 1.4.1 
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top, sides, and bottom.? Such a barrier, typically a metal screen, must be included with Outdoor Decorative Gas Appliances 
starting in January 2015. 


A.2 Outdoor Gas Hearth Appliance Types 


There are a number of different appliance types used in outdoor settings. Our concentration here is on appliances listed to 
ANSI Z21.97 Outdoor Decorative Gas Appliances. The variations of gas hearth products referred to as “outdoor fireplaces” 
include a number of products that are not completely for the outdoors. For example, there are gas hearth see through ap- 
pliances that are designed to be installed within the exterior perimeter of a house, but offer a view of the fire from outdoors. 
Such fireplaces are listed to indoor vented appliance standards (including Z21.50 Vented Gas Fireplaces and Z21.88 Gas 
Fireplace Heaters), and they use an outdoor kit to seal the viewing glass and fireplace face against the weather. As such, they 
are not relevant to our discussion here. 

The ANSI standard does not distinguish between different types of decorative gas outdoor appliances, but there is a range 
of different equipment and design in these products. 


A.2.1 Fire Pits 


Recessed gas burners located below a horizontal opening defines this general category. The appliance may be simply the 
burner pan and burner, with instructions for media (artificial logs, glass, stone, etc.) that can be added and instructions for 
enclosing and supporting the appliance. Or the appliance may include pan, burner, and a basic enclosure structure with 
instructions for adding decorative finishing. And some fire pits are finished products ready for assembly and connection. 


A.2.2 Fireplaces 


Conventional fireplaces with vertical openings are also in outdoor settings. While some are listed to Z21.97, others are not 
listed to this standard. Within the category of fireplaces listed to Z21.97, there are different product offerings. ‘These include 
fireboxes for custom on site decorative finishes, fireboxes with manufacturer provided finishes. 

‘These fireboxes typically do not have venting systems, but they differ from indoor unvented appliances listed to ANSI 
Z21.11.2 Unvented Room Heaters, primarily in that they are not equipped with an oxygen depletion sensor (ODS). There 
are some vented fireplaces that have dual listing, ANSI Z21.50 Vented Gas Fireplaces and Z21.97 for outdoor use. 


A.3 Outdoor Gas Hearth Appliance Venting 

All fire pits and most outdoor fireplaces have no venting system in the conventional technical terminology of having a flue, 
vent, or chimney. They also are not technically unvented gas appliances that have ODS. They might be called informally 
non-vented, but even that might lead to important misunderstanding. 

Outdoor hearth appliances operate under the same principles of combustion and draft as indoor appliances that have 
venting systems in that they must have 
* proper ventilation to provide adequate combustion air 
° sufficient heat to initiate and sustain combustion 
* convective movement of heated air to remove products of combustion and introduce combustion air. 

Instead of concerns about conventional venting system size, warmth, and height, the outdoor hearth appliance planner 
and installer may have to pay close attention to issues of providing adequate ventilation and avoiding blocking convective 
air movement in the planning stages. ‘The “hearth system” that usually means the appliance and the venting system becomes 
the appliance and the environment where it is located. The definition of outdoor space in ANSI 221.97 (see A.1.2.1 above) 
and the specific location requirements in manufacturers’ instructions may be critical to proper performance in the absence 
of conventional venting systems. 


A.4 Installation Guidelines 


As with all hearth appliances, outdoor gas appliances must be installed according to the manufacturer’s instructions for the 
specific brand and model—and there are variations. Our goal here is to indicate area in outdoor hearth appliance installation 
instructions that are important to safety and performance, that differ from indoor hearth appliance instructions, and that 
underscore and help explain the nature of these hearth systems. 


9 ANSI Z-21.97-12: 4.1.14 
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A.4.1 Location 


‘There are a number of important factors in determining an allowable and acceptable location for outdoor gas hearth appliances. 

As we have noted, outdoor gas hearth appliances have the same requirements for combustion air and exhaust of combus- 
tion by-products as indoor hearth systems. But since the configuration of the space where the appliance is located determines 
or strongly affects movement of air into the fire and products of combustion away, location planning may often need to be- 
gin with the information and charts in installation instructions regarding walls and overhead covering around the appliance. 

‘The goal is to install in an open air situation with natural ventilation, without stagnant air areas, and where gas leakage 
and combustion products are rapidly dispersed by wind and natural convection. All of that should be available if there is no 
structure enclosing or partially enclosing the appliance area. 

Where there is some enclosure, it must comply with the manufacturer's instructions. There are at least two different ap- 
proaches to defining appliance enclosure requirements in industry installation instructions. 


A.4.2 Appliance Enclosure Instructions Following ANSI Z21.97 Requirements 

Installation instructions that adhere closely to the definition of outdoor spaces in 721.07 include requirements similar to 
those in the standard: 

¢ Enclosure with walls on all sides with no overhead cover. The manufacturer may additionally require at least one perma- 
nent opening (not a closeable door or window) at ground level. 

¢ Partial enclosure with overhead cover and no more than two walls. As in the standard, the two walls can be perpendicular 
to one another or parallel (as in a breezeway). 

¢ Partial enclosure with overhead cover and three sidewalls. The manufacturer’s instructions may state this another way: 
more than two walls, with at least 25% of the total wall area must be completely open and of the remaining (partially open) 
wall area, at least 30% is open and unrestricted. 


A.4.2.1 Other Appliance Enclosure Instructions 

Some manufacturers define the type of enclosure that is allowed based on its type of outdoor structure and its construction 
materials. Some instruction manuals indicate installation in screened porches and lanais that meet a minimum area and ceil- 
ing height, as well as the minimum area and height that must be screened and open to outside ventilation. Other manufac- 
turers note that screens create 40% or more air restriction. 


A.4.3 Clearance Considerations 


Outdoor gas hearth appliances are not unique in clearances being a consideration that can affect the location of a hearth ap- 
pliance. Where they differ in some instances is in the size of some of the clearances. Many of these appliances have large input 
ratings, and at the same time, do not have conventional venting systems that dissipate heat from the appliance. There may be 
large areas on the sides of and above the fireplace or fire pit opening that must be noncombustible material. Manufacturers’ 
instructions may also indicate the importance of avoiding insulating around the firebox to prevent heat retention and risk of 
fire. Some instructions call for clearances to be measured from the finished surface, even if the material is noncombustible, 
and some manufacturers recommend and give specifications for noncombustible framing. 


A.4.4 Moisture Considerations 


In spite of corrosion resistant materials and protection of sensitive component, outdoor hearth appliance manufacturers 
include recommendations to avoid locations where the unit will get excessively wet or be submerged in water. In addition, 
manufacturers require or recommend waterproofing or water protection methods. In some cases, that is as simple as raising 
the firebox (for water protection, not for clearances). In others it is an optional or required drain pan to collect moisture or 
a drainage system to divert water. Some manufacturers offer optional weather covers for protection when not in use. 


A.4.5 Fuel and Electrical Connections 

For fuel connections, planners and installers must be aware of issues such as 

* location of fuel pipe knockouts 

* location and length of manufacturer-provided flex connector and shutoff valve 
* required location and instructions of LP cylinder and its enclosure 

* required pipe sizing based on length of run and appliance input rating 
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For electrical connections, planners and installers must consider 

¢ location of appliance control junction box 

° length and location of provided wiring (umbilical) connector, which may be only on one side of the appliance 
* outdoor wiring requirements. 


A.4.6 Propane Cylinder Enclosure 


ANSI Z21.97 includes requirements for ventilation of propane cylinders when they are to be located in an enclosure, which 
often the case for aesthetic and other reasons with outdoor gas hearth appliances. The requirements that manufacturers must 
meet when they provide an enclosure for the fuel cylinder must be included in the appliance installation instructions when 
the enclosure might be provided by the installer or homeowner. Ventilation is necessary to allow any accumulated gas to be 
dispersed into the atmosphere, rather than pooling in the enclosure 

Manufacturers’ instructions for constructing an enclosure to conceal the propane cylinder include requirements from the 


ANSI standard, such as: 


An enclosure for an LP gas cylinder shall be ventilated by openings at both the upper and lower levels of the enclosure. 
‘This can be accomplished by one of the following: 
a. One side of the enclosure shall be completely open; or 
b. For an enclosure having four sides, a top, and a bottom: 

1, At least two ventilation openings shall be provided in the sidewalls of the enclosure, equally sized, spaced at a 
minimum of 180 degrees, and unobstructed. The openings shall have a total free area of not less than 1 square 
inch per pound of stored fuel capacity. 

2. Ventilation openings shall be provided at floor level of the enclosure and shall have a total free area of not less than 
1/2 square inch per pound of stored fuel capacity. The bottom of the openings shall be 1 inch or less from the 
floor level and the upper edge no more than 5 inches above the floor level. The openings shall be equally sized, 
spaced at a minimum of 90 degrees, and unobstructed. 

3. Every opening shall have minimum dimensions so as to permit the entrance of a 1/8 inch diameter rod. 

4. Ventilation opening in sidewalls shall not communicate directly with other enclosures of the appliance. 
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Air Infiltration. Typically, the passing of air into the house 
through small cracks or gaps inherent to the structure. Af- 
fected by temperature difference between the inside and 
outside of the structure, and air pressure factors (e.g., wind, 
the operation of solid fuel appliances or electrical appliances 
such as fans). 


Air Inlet. The designed port(s) of entry for combustion air 
in a controlled combustion, solid fuel burning appliance. 


Air Inlet Control. The means by which the amount of air en- 
tering the air inlet is regulated. Also referred to as air control. 


Air Supply. Broadly, the air that is supplied to the firebox of 
the woodburning appliance. 


Air-to-fuel Ratio. The ratio of air and fuel, by weight, in a 
solid fuel appliance. It should be noted that 1 pound of dry 
air occupies a volume of 13.315 cubic feet at 70°F. There- 
fore, 35 pounds of air, the typical amount of air necessary 
to burn 1 pound of wood in a fireplace, occupies 466 cu- 
bic feet. 


Aldehydes. Class of compounds with distinct pungent 
odor, produced during incomplete combustion of a fuel gas. 


ANSI. American National Standards Institute. The coordi- 
nating organization for federated national standards system, 
consisting of 900 companies and 200 trade, technical, pro- 
fessional, labor, and consumer organizations. 


Appliance. A solid fuel burning product. 


Appliance Regulator. The appliance component, usually 


part of the combination valve that maintains constant gas 
pressure, 


Appliance to Flue. Means of venting a solid fuel appliance 
(including fireplace inserts) into masonry fireplace chim- 
neys; the stainless steel connector passes from the appli- 
ance to the first clay flue liner. Also referred to as direct 
connection. 


Approved. Acceptable to the authority having jurisdiction. 


Ash. Noncombustible solid byproduct of solid fuel com- 


bustion. 


Authority Having Jurisdiction. The organization, office, or 
individual responsible for “approving” equipment, installa- 
tion, or procedure. 


Automatic Gas Control Valve (also Combination Valve). 


Gas valve which combines control functions; usually con- 
sists of gas manual valve assembly; pilot safety shutoff sys- 
tem, diaphragm valve, gas pressure regulator, and valve 


operator. 


Baffle. An obstructing device or partition in a solid fuel ap- 
pliance, used to direct the flow of gases and heat. 


Blower Door. A diagnostic tool used to measure the tight- 
ness of buildings. Consists of a calibrated fan for measur- 
ing airflow rate and a pressure-sensing device to determine 
house pressure levels. 


Breaching. Refers to the chimney connector access (hole) 
in a masonry chimney. See Chimney Breaching. 


BTU or British Thermal Unit. A measure of heat energy; 
the amount of heat required to raise the temperature of one 
pound of water one degree Fahrenheit at sea level. 


Burn Rate. Combustion rate, usually expressed in pounds 
of fuel consumed per hour. 


Butane. A colorless, odorless, nontoxic gas; not generally 
used in hearth appliances. 


Bypass Damper. Term specifically referring to the mov- 
able plate in some catalytic wood burning appliances that 
in one position channels the flue gases through the catalytic 
combustor, and in the other position channels the smoke to 
“bypass”, or not go through, the catalytic combustor. On 
some non-catalytic appliances, a movable plate that redi- 
rects and increases residence time of gases. 


Can. Holder for catalytic combustor usually made of stain- 
less steel. 


Canning System. Device surrounding catalytic combustor, 
usually consisting of insulation mat and stainless steel can, 


or holder. 


Cap. Also termination cap. Covering for factory-built 
chimney that minimizes effect of wind, and prevents entry 
of rain, snow, and debris. 


Carbon Dioxide. CO2. Colorless, odorless noncombusti- 
ble gas produced by the complete combustion of carbona- 
ceous fuel; is nontoxic. 


Carbon Monoxide. CO. Colorless, odorless, combustible, 
and toxic gas produced by the incomplete combustion of 
carbonaceous fuel. 


Catalyst. A substance that increases the rate of a chemical 
reaction without being consumed in the process. In solid 
fuel use, usually the precious metals palladium and plati- 
num. Applied to the washcoat of the catalytic combustor. 


Catalytic Combustor. Device designed to increase com- 
bustion efficiency by lowering flue gas ignition tempera- 
tures. Consists of substrate, washcoat, catalysts, and can- 
ning system. 
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Cement Board. Cement and reinforcing fibers formed into 
a sheet, often used as a tile backing board. Used in the hearth 


industry for thermal resistance properties as floor protection. 


Chase. A structure built around, and enclosing, portions 
of the chimney and in some cases, housing the appliance. 


Chimney. A portion of the venting system, through which 
flue gases are vented to the outdoors and by which penetrat- 
ed combustible surfaces are protected; a primarily vertical 
shaft enclosing at least one flue, the design of which results 
in a natural draft. 


Chimney Breaching. A means of venting a solid fuel ap- 
pliance into masonry fireplace chimneys; the chimney con- 
nector passes through the chimney wall to the inside of the 
flue liner by means of a thimble or approved passthrough 
device. 


Chimney Capacity. Refers to the volume of flue gases the 
chimney is able to handle; is affected by draft. 


Chimney Connector. ‘The portion of the venting system 
between the appliance and the chimney. Commonly called 
“stovepipe.” 


Cleanout Door. Means for closing and sealing the open- 
ing provided for inspection and removal of creosote and 
other chimney deposits; should be well sealed against air 
infiltration. 


Clearances. Minimum distance which must be maintained 


between a heat source such as an appliance or vent and - 


combustibles surfaces. 


Cold Junction. Non-heated end of the thermocouple/ther- 
mopile. 


Combustible Material. Material made of or surfaced with 
wood, compressed paper, plant fibers, or other material that 
will ignite and burn, as applied to materials adjacent to or in 
contact with heat-producing appliances, chimney connec- 
tors, steam and hot water pipes and warm air ducts. Such 
material shall be considered as combustible even though 
flame-proofed, fire retardant treated, or plastered. 


Combustibles. Material made of or surfaced with wood, 
compressed paper, plant fibers, plastics, or other material 
that will ignite and burn in the presence of flame and/or 
heat, whether flameproofed or not, or whether plastered 
or not. 


Combustion. The process of burning, or oxidation accom- 
panied by heat. When sufficiently rapid, also accompanied 
by light. Rapid oxidation of fuel gases accompanied by 
the production of heat, or heat and light. Requires proper 
amounts of fuel, oxygen, and heat. 


Combustion Ratio. Required amount of air that must mix 
with 1 cubic foot of gas to have complete combustion. 


Compression Station. Place where pressure of natural gas 
is increased before it continues farther along the pipeline. 


Condensate. The liquid that separates from a gas (includ- 
ing flue gases) due to a reduction in temperature. 


Controlled Combustion. Complete burning of fuel with a 
steady flame when fuel and air supplied at proper rate. Con- 
trast with explosion. 


Controlled Combustion Appliances. Solid fuel appliances 
with relatively tight seals. The amount of air entering the 
air inlet, thus the combustion rate in the firebox is operator 
controlled. 


Convection. The transmission of heat by the circulation of 
a fluid (air or water), caused by differences in temperature 
(and therefore density). 


Cookstove. A controlled combustion solid fuel appliance 
with at least one oven and a surface designed for cooking. 


Cornice. Overhang of a pitched roof, usually consisting ofa 
fascia board, a soffit and appropriate trim moldings. 


Cricket. Peaked secondary roof section constructed on top 
of, and perpendicular to the primary roof to divert water. 


Also known as saddle. 
Cripple Stud. Short studs placed between the header and a 


top plate or between a sill and sole plate. 


Crown. Beveled or sloping surface that terminates a mason- 
ry chimney; seals the flue; provides drainage slope for rain 
and snow. Recommended that gap (with flexible sealer) be 
maintained between flue liner and crown and that crown 
extend at least 2 inches beyond exterior chimney wall. Re- 
ferred to as chimney cap in IRC and ASTM C 1283. 


Damper. Movable plate that directs the flow of gases and 
air in a solid fuel appliance or chimney connector. In fire- 
places, a pivoted metal plate, set just above the firebox, pri- 
marily used to close off the chimney when not in use. Also a 
hinged device located at the top of the chimney, controlled 
by a cable that extends to the firebox. 
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Diaphragm. Part of pressure regulator that responds to 
changes in gas pressure to maintain constant outgoing pres- 
sure. 


Diethanolamine Treatment. Chemical process of remov- 
ing hydrogen sulfide and carbon dioxide from gas. Sweet- 
ening the gas. 


Directional Hood. A part of the pilot burner that directs 
the flame against a control device and then out across the 
main burner. 


Direct Spark Ignition. A type of electronic ignition system 
that ignites the gas directly at the main burner by means of 
a spark. 


Direct Vent. Method of venting appliance whereby all air 
for combustion is derived directly from the outside atmo- 
sphere and all flue gases are discharged directly to the out- 
side atmosphere. 


Distillation. Separation of solids and liquids from gases by 
application of heat. Method of extracting LPG from wet 
natural gas. 


Draft Hood. A device built into an appliance or made a part 
of the flue or vent connector from the appliance designed 
to (1) provide for the ready escape of flue gases in the event 
of no draft, back draft, or stoppage beyond the draft hood; 
(2) prevent a back draft from entering the appliance; and 
(3) neutralize the effect of stack action of the chimney or 
gas vent upon the operation of the appliance. Also known 
as draft diverter. 


Drip. In gas piping, a tee device used to collect condensate 
from gases. Installed so that they can be serviced to remove 
condensate. Also known as drip leg. 


Drywall (or Gypsum Wallboard (GWB), Sheet Rock, Plas- 
terboard, Wall Board, or Gypsum). A manufactured panel 
made out of gypsum plaster and encased in a thin card- 
board or other material. 


Eaves. The horizontal exterior roof overhang. 


Elbow. The portion of the connector or chimney that turns 
or offsets the direction of the chimney. 


Electronic Sniffer. A device that emits a loud, piercing 
noise in the presence of very small amounts of certain gases. 


Used in gas supply line and appliance leak detection. 


Ethane. A hydrocarbon compound found in natural gas. 


Excess Air. Air in the firebox or firechamber of a solid fuel 
appliance that is not used in combustion reactions (and ex- 
hausts through the venting system). 


Excess Flow Valve (EFV). A gas valve designed to activate 
when the fuel gas passing through it exceeds a prescribed 
flow rate. 


Explosion. Rapid burning with an improper rate of air and 
fuel; not under control and with excessive pressure. 


Fascia. The visible flat front board that caps the rafter tail 
ends. Roof drain gutters are attached to the fascia. 


Factory-built Chimney. A chimney composed entirely of 
listed manufactured components, designed to be assembled 
as an entire system in accordance with the terms of the list- 
ing. 

Factory-built Fireplace. Prefabricated metal fire chamber 
and its chimney, commonly called “zero clearance.” Con- 
sists of listed manufactured components that are assembled 
in accordance with the terms of the listing to form the com- 


pleted fireplace. 
Fire Chamber. See “Firebox.” 


Fire Resistance Rating. The time a material will with- 
stand, without igniting, flame and heat as specified by code 
and specific test conditions. 


Firebox. That portion of the solid fuel appliance where the 
fuel is located and where primary combustion occurs. 


Firebrick. Heat resistant brick used in fireboxes; withstands 
very high temperatures. 


Fireplace. An enclosure, open in the front, for burning 
fuel. Solid fuel fireplaces may contain and vent gas log sets 
or fireplace inserts. Gas fireplaces are metal appliances open 
in the front and containing artificial log sets. 


Fireplace Insert. Solid fuel appliance designed to be in- 
stalled partially or fully in the fire chamber of a mason- 
ry fireplace, and that vents into the fireplace chimney by 
means of full relining or appliance to flue methods. 


Firestop. A noncombustible barrier, often metal, placed to 
span the air space between the outer walls of chimneys and 
surrounding combustibles; serves to resist the spread of fire 
between floors of a structure. 


Flame Impingement. ‘The “striking” of flame against an 
object, such as “fame impingement on the catalytic com- 
bustor.” 
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Flame Rectification. Means to ensure gas shutoff in the 
absence of flame in electronic ignition systems. Alternat- 
ing current applied to an electrode engulfed in the pilot or 
burner flame is rectified, or changed to direct current, to 
power a control module to maintain gas flow until the flame 
is extinguished. 


Flammability Limits. Minimum and maximum amounts 
of fuel (expressed as a percentage) in an air and fuel mixture 
within which combustion can take place. 


Flashing. Also know as roof jack. Device that covers a fac- 
tory-built chimney roof penetration and that helps stabilize 
the chimney. 


Floor Protection. Noncombustible material of specified 
size, thickness, material and conductivity placed under a 
solid fuel appliance; required to extend beyond the four 
sides of the appliance. Serves to protect combustible floor 
surfaces and framing. Differs from hearth. 


Flue. ‘The passageway in a chimney for conveying flue gases 
to the outside atmosphere. 


Flue Collar. The part of the solid fuel appliance that accepts 
the chimney connector. The flue collar diameter or dimen- 
sion is designed by the appliance manufacturer to adequate- 
ly accommodate the flow of gases out of the appliance. 


Flue Gases. All combustible and noncombustible gases 
(plus excess air) that exit the solid fuel appliance. 


Flue Liner. That portion of the chimney that contains the 
flue gases; is separated from the interior of the masonry 
chimney wall by an air space. Term refers to materials used 
with masonry chimneys, including clay tile, stainless steel, 
and poured materials; also referred to as Liner and Tile. 


Fractionating. Extraction of impurities and hydrocarbons 
from wet and natural gas. 


Freestanding Gas Appliance. An appliance with gas burn- 
ing log set that has the appearance of a solid fuel appliance 
that is placed away from walls in a dwelling. 


Full Relining. A means of venting a solid fuel appliance 
(including fireplace inserts) into fireplace chimneys; the 
listed liner extends from the appliance out the top of the 
chimney and includes insulation and components in ac- 
cordance with the terms of the listing. Also referred to as 
positive connection. 


Furnace. A central heating appliance that supplies hot air, 
through ducts, to the house. 


Gable. ‘The end, upper, triangular area of a home, beneath 
the roof. 


Gas Control Knob Assembly. Part of the gas control valve 
that is a multi-positioned and tapered valve designed to al- 
low or shut off gas supply to the appliance. Also known as 
gas cock assembly. 


Gas Logs. An open flame type appliance consisting of a 
burner and metal pan or base supporting simulated logs. 
May include various ember media. 


Gas Vent. A factory-made, listed venting system designed 
to remove flue gases to the outside atmosphere. See direct 
vent and Type B vent. 


Gravity Ducting. Movement of heated air by non- 
mechanical means. Rising warm air travels to heat register 
higher than heat source and flows back as it cools and falls. 


Gravity Vent. Type of venting that uses the natural draft of 
a column of warm gases rising due to the pressure of sur- 
rounding cooler air. 


Header. A beam placed horizontal above doors, windows or 
other openings to carry the weight of structural loads. 


Hearth. The floor of the firebox, most commonly used in 
reference to fireplaces. More generally, the foundation upon 
which fires for aesthetic and heating purposes are built. Dif- 
fers from floor protection. 


Hearth Extension. Noncombustible floor protection in 
front of and to the sides of a fireplace hearth. 


Heat Loss Calculation. Calculation to determine house 
BTU loss; factors include conduction through construction 
materials, air infiltration losses and the difference between 
actual or projected outside temperatures and desired tem- 
perature inside the house. Used for determining necessary 
heat output from the heating appliance. 


Heat Output. The amount of usable heat produced by a 
heating appliance; expressed in BTU (for solid fuel and 


most conventional fuel appliances). 


Heat Recovery Ventilator (HRV). Mechanical system that 
uses blowers and an air to air heat exchanger to replace in- 
door air with preheated outdoor air. 


Heat Value. Amount of heat potential of one cubic foot of 
gas when burned. Also known as caloric value. 
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Higher Heating Value (HHV). The amount of heat released 
by a specific quantity of fuel after it is combusted and the 
products have returned to their precombustion tempera- 
ture, which includes the latent heat of vaporization of wa- 
ter in the combustion products (the heat from combustion- 
produced water is recovered). 


Hip Roof. A roof that rises by inclined planes from all four 
sides of a building. 


Hot Air Plenum. Sheet metal chamber mounted to the fur- 
nace, into which hot air is directed, and to which ducts are 
attached for hot air distribution into the house. 


Hot Junction. Joined, heated end of thermocouple/thermo- 
pile. 

Hot Surface Igniter. Type of electronic ignition system in 
which a glow bar is heated by electrical means to a tempera- 


ture of about 2,500°F to provide the heat to ignite main 
burner gas. 


House Pressure Test. A process to determine the level of 
depressurization within a residential structure under dif- 
ferent conditions, including during use of exhaust devices. 
Results used in the hearth industry to determine whether 
maximum depressurization levels exceed spillage resistance 
pressure of hearth systems. 


Hybrid Woodstove. A solid fuel appliance with dedicated 
air passages for the combustor, but also with separated ded- 
icated air passages for secondary air combustion (as in non- 
catalytic stoves). Designated by EPA as a catalytic wood- 
stove. 


Ignition Temperature. The lowest temperature at which 
combustion occurs. Varies widely with reference to the vari- 
ety of flammable gases spontaneously combusting in a solid 
fuel appliance. 


Increaser. Chimney connector component that permits 
the transition from smaller to larger connector, thimble, 


liner, or chimney. 


Infrared Radiation. Waves of light energy, beyond the vis- 
ible part of the spectrum, that transfer heat energy and are 
converted to sensible heat when they strike a solid object. 


Intermittent Ignition System. Means of lighting the pilot 
or main burner without the use of a standing pilot, by elec- 
tronic spark or hot surface ignition. Also known as electron- 
ic ignition device. 


International Fuel Gas Code. A standard for the installa- 
tion of gas appliances, piping, and venting. 


Ignition Systems. Devices that ignite the pilot burner and 
/or the main burner assembly. 


Ignition Temperature. The temperature at which combus- 
tion of a substance begins. 


Incomplete Combustion. Improper air/fuel mixture or in- 
adequate temperatures resulting in less than complete burn- 
ing of fuel. May produce aldehydes and/or carbon monox- 
ide. 


Joint Compounds. Non-hardening materials used on pipe 
threads to insure a proper seal. 


Joist. Parallel framing member installed horizontally to 
support floor and ceiling loads. 


Labeled. Equipment or material identified as having un- 
dergone approved inspection and compliance manufactur- 
ing and performance procedures. 


Latent Heat of Water. ‘The quantity of heat released (or ab- 
sorbed) by a substance undergoing a change of state, such as 
ice changing to water or water to steam. 


Lath. A building material of narrow wood, metal, gypsum, 
or insulating board that is fastened to the frame of a build- 
ing to act as a base for plaster, shingles, or tiles. 


Leakage Testing. Procedure to ensure that there is no un- 
controlled flow of fuel gas in the gas piping system and/or 
the appliance. 


Lifting Flames. An unstable burner condition in which 
flames rise above or blow off the burner port. 


Limit Switch. Bimetallic device set to react to excessive tem- 
perature by causing gas flow to be cut off. 


Lintel. A horizontal structural member that supports the 
load over an opening such as a door or window. 


Liquefied Petroleum Gas (LPG). Colorless, odorless, and 
non-toxic gas separated from wet natural gas, light crude oil, 
and oil refinery gases. Composed predominantly of follow- 
ing hydrocarbons or mixtures thereof: propane, propylene, 
normal butane or isobutane and butylenes. 


Listed. Equipment or materials tested to required stan- 
dards by a testing organization and usually included in a 
list published by a model code authority that indicates that 
the equipment meets applicable inspection and testing pro- 
cedure standards. Assures suitability for use in a specified 
manner when equipment installed in accordance with the 
manufacturer’s installation instructions. 
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Loadbearing Wall. A wall that supports structural weight 
above it. It supports overlapped or butted ceiling or floor 
joists running above it. 


Lower Heating Value (LHV). The amount of heat released 
by a specific quantity of fuel after it is combusted and re- 
turned to a temperature above the condensation point of 
water vapor, which assumes that the latent heat of vaporiza- 
tion of combustion-produced water is not recovered. 


Main Gas Burner. Device for the final conveyance of gas or 
a mixture of gas and air to the combustion zone. Consists of 
burner orifice, air shutter, mixer, and burner head. 


Manifold. ‘The conduit of an appliance that supplies gas to 
the individual burners. 


Manifold Pressure. Gas pressure between the gas control 
valve and the burner orifice. 


Manometer. Instrument used for measuring the pressure 
of gases. 


Manufacturer’s Installation Instructions. Instructions 
and. recommendations for proper assembly, adjustment, 
and installation of listed equipment. 


Masonry Chimney. A field-constructed chimney of solid 
masonry units, including brick, stone, listed masonry ma- 
terial, usually lined with fire clay flue liners. Proper con- 
struction covered in sources such as NFPA 211, Standard 
for Chimneys, Fireplaces, Vents, and Solid Fuel-Burn- 
ing Appliances and International Residential Code (IRC). 
Chimney constructed onsite of masonry and clay materials; 
construction requirements specified by code. Also refers to 
existing masonry chimneys of various construction. 


Methane. Main constituent of natural gas. Chemical for- 
mula CH4. 


Millivolt (mv). Unit of electromotive force equal to one 
one-thousandth of a volt. 


Mobile Home Appliance. Solid fuel appliance specifically 
designed to meet HUD standards for installation into mo- 
bile homes. Includes outside combustion air, floor mount- 
ings, substantially reduced clearances, and designated vent- 
ing systems. 

Moisture Content. The percentage of the fuel’s weight that 


is water in comparison to the total weight of the water and 
wood in the wet method; in comparison to the weight of 


the oven dried fuel in the dry basis. 


Multimeter. A device consisting of one or more meters 
used to measure two or more electrical quantities in an elec- 
trical circuit, such as voltage, resistance, and current. 


Mixer. Component of a main burner where gas mixes with 
air. Consists of mixer face, mixer head, and mixing tube 
(venturi). 


National Fuel Gas Code (ANSI Z23.1, NFPA 54). A stan- 
dard for the installation of gas appliances, piping, and vent- 
ing. 

Natural Gas. Colorless, highly flammable gas found in po- 


rous geologic formations beneath the earth’s surface. Con- 
sists mainly of methane. 


Non Loadbearing Wall. A wall that supports no load other 
than its own weight. 


Noncombustible. A material that, in the form it is used 
and under the conditions anticipated, will not ignite, burn, 
support combustion, or release flammable vapors when 
subjected to fire or heat. 


Odorant. Material added to natural gas or propane in small 
concentrations to impart a detectably distinct odor. Usually 
mercaptans. 


Orifice. The opening in a cap, spud, or other device where- 
by the flow of gas is limited and/or controlled and through 
which the gas is discharged to either a pilot burner or main 
burner. 


Orifice Spud. A removable plug or cap containing an ori- 
fice. 


Oven Dry Wood. Wood dried at 217°F to a constant weight; 
defined as having “zero moisture content.” 


Opacity. Thickness of smoke. An indicator of combustion 
efficiency. 


Parapet. A low protective wall along the edge of a roof. 


Particulate Matter. Tiny pieces of condensable hydrocar- 
bons in solid or liquid form. The basis of solid fuel emis- 
sions regulations of the Environmental Protection Agency. 


Partition. The masonry wall that must separate flue liners 
in a masonry chimney. Also referred to as Wythe. 


Pascal (Pa). ‘The metric unit of measurement for pressures. 
One Pa equals 0.004 inches of water column (WC). 


Plumb. Exactly vertical (perpendicular to a level horizontal 
surface). 
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Piezo Starter. A device that delivers an igniting spark by 
means of pressure on a crystal. 


Pilot. A small flame used to ignite the gas at the main burn- 
er. May be standing (constantly burning) or intermittent 
(on and during demand for heat). 


Pilot Safety Shutoff System. A component of the pilot 
or the gas control valve that allows or shuts off gas flow on 
the basis of the presence or absence of flame. Consists of a 
u-shaped electromagnet (see solenoid), gas shutoff disc, ten- 
sion spring, keeper plate, thermocouple/thermopile con- 
nection, and a reset button. Also known as millivolt system. 


Pressure Adjustment Screw. Part of a pressure regulator 
located directly under a cap screw on top of the regulator. 
Means of adjusting gas pressure on some regulators. Note: 
some pressure regulators are not subject to adjustment. 
Check manufacturer's instructions. 


Pressure Regulator. A device for controlling and main- 
taining a uniform outlet gas pressure. Service regulators re- 
duce high street pressure of natural gas or reduce propane 
storage tank pressure. Appliance regulators, usually part of 
the combination valve, reduce and maintain constant pres- 
sure to be used in an appliance. 


Pressure Drop Test. Method of checking for leaks in the 
gas supply line prior to installation of appliances. 


Primary Air. Combustion air directed to the firebox where 
the fuel is located; supports all stages of combustion. 


Propane. aka Liquid Petroleum, LP or LPG Colorless, 
odorless, non-toxic, containing more heat value than nat- 


ural gas. 
PSI. Pounds of pressure per square inch. 


Pyrolysis. Chemical alteration of wood, coal, or other 
combustible materials as a result of the application of heat. 
Stage of wood combustion during which wood molecules 
decompose into wood oil vapors and gases. 


Rafter. A sloped structural member that extends from the 
ridge or hip of a roof to the eave, designed to support the 
roof deck and its associated loads. 


Reducer. Also known as decreaser. Chimney connetor com- 
ponent that permits the transition from a larger to smaller 
diameter chimney connector, thimble, liner or chimney. 
Not normally recommended because of potential smoke 
spillage and poor appliance performance. May violate code 
and/or manufacturer's instructions. 


Refractory. Nonmetallic materials with chemical and phys- 
ical properties that make them applicable for structures or 
as components of systems that are exposed to environments 
above 1,000°F. 


Refractory Mortar. High temperature masonry mortar 
used primarily to join flue liners. Required by NFPA as me- 
dium duty, non-watersoluble calcium aluminate refractory 
cement mixture, or its equivalent. 


Residence Time. The amount of time the subject matter 
remains in the zone of reference, as in the residence time of 
gases in the fire chamber. 


Ridge board. The board placed on the ridge of the roof 


onto which the upper ends of other rafters are fastened. 


Roof Bracing Kit. Apparatus attached to the factory-built 
chimney above the roof that has braces, or legs, that attach 
to the roof to stabilize the chimney. Required by manufac- 
turers for chimneys above a specified height above the roof. 


Roof Sheathing or Sheeting. The wood panels or sheet 
material fastened to the roof rafters or trusses on which the 
shingle or other roof covering is laid. 


Safety Shutoff. A system, usually powered by a thermo- 
couple/thermopile or by an electronic control module, de- 
signed to shut off the gas supply to the pilot and/or main 
burner if the pilot or main burner flame is lost unexpect- 
edly. 


Secondary Air. Combustion air directed downstream of 
the primary combustion zone (but still in the appliance) 
to support the combustion of remaining combustible gases; 
does not directly influence the rate of primary combustion. 


Sediment Trap. In gas piping, a tee device to intercept or 
hold solid foreign particles to prevent them from blocking 
valves or orifices. If not part of an appliance, must be in- 
stalled as close to appliance inlet as possible. 


Shake. A wood roofing material, normally cedar or red- 
wood. 


Siding. The finished exterior covering of the outside walls 
of a frame building. 


Slab on Grade. A type of foundation with a concrete floor 
which is placed directly on the soil. The edge of the slab is 
usually thicker and acts as the footing for the walls. 


Smoke. The visible portion of flue gases composed of sol- 
id, liquid, and gaseous products of combustion. Commonly 
used to refer to all exhaust from solid fuel burning, 
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Smoke Chamber. The transition zone between a fireplace 
throat and fireplace chimney, extending from the damper or 
throat to the base of the first flue. 


Smoke Shelf. The ledge directly behind the throat of the 
fireplace, at the base of the smoke chamber. 


Soffit. The underside board of Caves. Soffits are often vent- 


ed to allow air flow through rafters into the attic. 


Solenoid. Coil of wire that pulls an iron core within it mag- 
netically when electricity flows through it. In use, known as 
electromagnet. 


Solid Fuel. Wood, coal, and other similar organic materi- 
als in various forms (e.g., chunk wood, pressed logs, wood 
pellets, wood chips, paper, processed coal, coke, peat, char- 


coal). 


Soot. Soft, black or brown velvety deposit of carbon parti- 
cles inside appliances, chimneys, and connectors. 


Sour Gas. Gas containing amounts of sulfur that prevent 
its use as a fuel unless purified. 


Spark Arrester. A noncombustible screen installed between 
the top of the chimney and the underside of the chimney 
cap; prevents the escape of sparks and burning materials 
from the chimney. 


Specific Gravity. The weight of one substance compared 
to the weight of another substance, both of equal volume. 


Spillage. Condition of flue gases failing to exit the venting 
system properly and instead flowing out into the dwelling. 
Condition calls for immediate examination of appliance 
and venting system and corrective action. 


Spillage Test. Method of detecting spillage. Flame or 
smoke applied at draft hood being blown out (away from 
draft hood) indicates spillage problem that should be rem- 
edied without delay. 


Steel Lined Fireplace. Masonry fireplace with prefabricat- 
ed metal firebox that has all the components of traditional 
fireplaces; may have double walls to provide circulating air 


passage behind the fire chamber. 


Storm Collar. Metal plate or collar fastened and sealed with 
high temperature sealant around the chimney just above the 
toof flashing. Prevents water from entering the space be- 
tween the chimney and the roof flashing. 


Stud. A 2x4 or 2x6 vertical framing member used to con- 
struct walls and partitions. 


Span. The clear distance that a framing member carries a 
load without support between structural supports. 


Substrate. Catalytic combustor component that carries 
washcoat and catalyst. Must be inert, stable, porous mate- 
rial providing large surface area. Almost exclusively ceramic 
in solid fuel combustors. 


Sweet Gas. Gas in its natural state containing such small 
amounts of sulfur that it can be used without purification 
processes. 


TailOut. End of the burning process in woodburning ap- 
pliances. 


Tee. Chimney connector or factory-built chimney compo- 
nent that provides a 90° turn in the venting system; has a 
removable plate at the bottom for inspection and chimney 
cleaning convenience. 


Temperature Differential. The difference in temperature 
between two areas, such as inside and outside the chimney 
or house. (Example if it is 90°F outside the house and 70°F 
inside the house, the temperature differential is 20°) 


Termination. Components at the top of the chimney. 
Therm. Unit of heating value equivalent to 100,000 BTUs. 


Thermocouple. A device consisting of two pieces of dissim- 
ilar metals joined together at one end (hot junction). When 
the hot junction is heated, the thermocouple produces DC 
voltage across the other end. Used to power thermoelectric 
gas valves. 


Thermopile. A number of thermocouples connected in se- 
ries to produce a higher voltage than a single thermocouple. 


Thimble. Generally, a clay or metal sleeve through which 
chimney connector passes to connect to a masonry chim- 
ney; construction depends on whether it is intended for 
passage through combustible or noncombustible material. 


Throat. The narrow passage above the fire chamber of a 
fireplace, forward of the smoke shelf and below the smoke 
chamber; generally has a damper that must be opened. be- 
fore the fireplace is used, and may be closed when the fire- 
place is not in use, 


Truss. A structure comprised of one or more triangular 
units designed to support a ceiling, roof, or floor. 


Type B Gas Vent. Listed, factory-built, double wall metal 
pipe for venting appliances with draft hoods and other ap- 
pliances listed for use with Type B Gas Vent. 
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Type B-W Gas Vent. A listed, factory-built, oval shaped, 
double wall metal pipe for venting (only) vented wall fur- 
naces. 


Unvented Room Heater. Category of unvented, self-con- 
tained, free standing, non-recessed (except as noted) fu- 
el-gas burning appliance for furnishing warm air by gravity 
or fan without duct connection. Gas hearth appliances list- 
ed to ANSI Standard Z21.11.2 include Gas Fireplaces and 


Fireplace Inserts. 


Valley. The “V” shaped area of a roof where two sloping 
roofs meet. 


Valve Operator. Part of electronic automatic gas control 
valve that activates the flow of gas to the main burner. Also 
known as operator head. 


Venting System. A continuous open passageway from the 
flue collar or draft hood of the appliance to the outside at- 
mosphere for the purpose of removing flue gases. 


Vent Orifice. Part of a pressure regulator, located in the 
chamber above the diaphragm. An opening that allows for 
the free flow of air in and out in the area above the dia- 
phragm. Also provides for the escape of fuel gas in the event 
of a diaphragm rupture. 


Vitreous Enamel. Material made by fusing powdered glass 
to a metal substrate with heat to produce a smooth, durable, 
decorative coating.. 


Washcoat. Material applied to the substrate of catalytic 
combustor to increase and maintain surface area. Chemi- 
cally inert, usually a high surface area alumina. 


Water Column (WC). Measurement in inches of pressure of 
gas. 28 inches WC equals one psi. 


Weatherization. Work on a building exterior in order to 
reduce energy consumption for heating or cooling. Work 
involving adding insulation, installing storm windows and 
doors, caulking cracks and putting on weatherstripping. 


Wet Gas. Unprocessed natural gas containing more than 
20% of impurities and heavier hydrocarbons. 


Wythe. The masonry wall or partition that must separate 
multiple flue liners in a masonry chimney. Also referred to- 
as Partition. 
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Purposes of the Index 


The Knowledge Statements below are a comprehensive list of the knowledge needed to successfully plan hearth products. 
The list was developed through a formal process that included an industry wide survey of practitioners. The Knowledge 
Statements are based on an industry-wide survey that establishes what you need to know to install hearth appliances. Each 
exam question is linked to a specific Knowledge Statement. 

The Candidate Feedback Report from the exam now reports the Knowledge Statement ID numbers for each question 
missed. With that report, an examinee can better focus on and find subjects in the manual for reinforcement and further 


study. The second purpose is to facilitate finding subject matter in the manual. The Knowledge Statement Index can help 
isolate a subject and make following it throughout the manual more efficient and convenient. 


Using the Index = : 
The use of the Candidate Feedback Report and the Index of Knowledge Statements offers assistance in focusing study 
based on your exam results. In some cases, the referenced areas will be still be broad, but the search process can be another 
exercise to strengthen familiarity with manual subjects and organization. 
To use the Knowledge Statement Index for post exam reference, start by finding a numbered Knowledge Statement 
from the Candidate Feedback Report in the Knowledge Statement Index below. 
For example: : : 
¢ In the portion of a report below, the candidate seemed to struggle with the “Fuel Delivery” questions and only scored 
a 38%. That knowledge is linked to Knowledge Statements 15, 16 and 17. 
* A quick check of those 3 Knowledge Statements in the Index show which sections in the manual that the candidate 
_ should review. : c 


Knowledge Statement numbers 
Knowledge Areas (% of total test items) % of Items answered correctly linked to missed questions 


Safety guidelines/consequences of action (7%) 
Construction fundamentals (5%) 


Knowledge Statement ID # 


Category1 Combustion - see Core Material Reference Manual 
Category 2 Heat/Heat Protection - see Core Material Reference Manual 
Category 3 Safety Guidelines/Consequences of Actions 
1 Knowledge of safety guidelines for putting appliances into initial or post-service operation 
(e.g., checking gas pressure, lighting pilot, glass placement, confirming fuel type) ..... 0... e evens Cat03K05 
4.5 System Leak Detection 


4.6 Excess Flow Protection 
14 Installation: Putting The Appliance in Operation 
26.1 Service Safety Considerations 


Category 4 Construction Fundamentals — see Core Material Reference Manual 


Category5 Regulations and Instructions — see Core Material Reference Manual 
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Category6 Appliance Requirements 
2 Knowledge of gas fuel appliance categories (e.g., direct vent, B-vent, vent-free, outdoor) ............. Cat06K02 


5 Gas hearth Appliance Categories 
A Outdoor Gas Hearth Appliances 
Knowledge of clearance reduction methods of solid fuel appliances and connector pipe ............. Cat06K14 
Knowledge of requirements based on gas appliance location 
(e.g., bedroom, bathroom, (eS ALC 10 5016) Ae eo ee ee ar Cat06K20 
8.1.2.1 Use of Room 
9.3.3.5 Direct Vent Termination 
9.3.5.2 Direct Vent Termination Location 
Knowledge of gas appliance ignition systems ......... 0.00 cece cece cece eens eee eneeuaeenas Cat06K21 
20.1, 20.2, 22.1.3, 22.2.3; 2242 
17.1 Millivolt Standing Pilot Systems 
17.2 Oxygen Depletion Sensor Pilot Systems 
19.1.3 VAC Valve Ignitions Systems 
19.2.3 Battery Ignition Systems 
19.4 Multiple/Option Power Sources 
Knowledge of Natural and LP gas conversion ......... 0.0 cece cece cece eee een eeeeeeeeeenes Cat06K22 
12.1.3 Unvented Fuel Conversion 
22 Orifices 
27.2.1 Appliance Fuel Conversion Procedures 
Knowledge of installation requirements for vented gas log sets in wood burning fireplaces .......... Cat06K24 
7.1.1.2 Chimneys 
10.1 Vented Gas Log Set in Solid Fuel Fireplace Installation Guidelines 
Knowledge of appliance components (e.g., control modules, solenoids, transformers, fans) .......... Cat06K29 
19 Electronic Gas Control Systems 
Ridwilersooh baste Secs ok sag eeees rue oneds evacsaenss PiawaRbiasseedanens <dakows Cat06K30 
5.1.4 Vented Appliance Control Valve Type 


13 Thermostats, Wall Switches, Remote Controls 
22 Electronic Gas Control Systems 


Category 7 Draft and Ventilation Principles — see Core Material Reference Manual 
Category 8 Venting Requirements 


10 Knowledge of direct vent installation requirements..........0.00 00 cece ee eee eeceueuceuevaes Cat08K21 
7.1.2 Direct Vent Venting Classifications 
7.2 Venting System Considerations 
9.3.3.5 Direct Vent Termination 
11.1.2 Venting Guidelines 
11.3.2 Venting Systems 
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Li Knowledee of prelog wennine vequinemients « .cncuessstuawocessusuWescs sisansderscacas eras Cat08K25 
8.1.1.2, 12.2.2, 12.2.3, 13.1 
7.1.1.2 Chimneys 
10.1 Vented Gas Log Set in Solid Fuel Fireplace Installation Guidelines 
Category9 Post Installation Inspection and Service 
12 Knowledge of combination gas control valves and components 
teg., pilot assemblies, control modules, regulators) v9 ++ivecowrreveenewhs os ead aners trbeners o4 Cat09K02 
15 Manual Gas Control Valves 
16 Automatic Millivolt Powered Gas Control Valves 
17 Millivolt Standing Pilot Ignition Systems 
19 Electronic Gas Control Systems 
13 Knowledge of gas appliance safety controls and devices... 20... 6... cece eee eee eens Cat09K03 
5.2.4 Unvented Appliance Gas Control Types 
17.2 Oxygen Depletion Sensor Pilot Systems 
21.1 Safety Switches 
21.2 Operational Switches 


14 Knowledge of test procedures for gas appliances (e.g., leak detection, 
flame adjusemient, log placement, spillage test)... .005 00s desecns eeeees onsatewesntertaeuetees Cat09K04 


4.5 System Leak Detection 

14.2 Leak Detection 

24 Troubleshooting Main Burner Performance Problems 

| 26.2 Annual Service 

IS Knewledgeof appliances maintenance requitementscnsss cscwaesnisiaedwards basennidvanwaeres Cat09K07 


22.6 Servicing Orifices 
29 Annual Service 


16 Knowledge of gas leak safety procedures 
14.2 Leak Detection 

I7 Knowledaeongas uel chanactetistics sc. ae. prannctrdiiicaeonis peanagesdseseseras toanael hs Cat09K11 
1 Gas Fuels 


Category 10 (Gas) Fuel Delivery 


sgataedeass a naxeidea Lede ee eee waa Laexandunaa nee na mead Cat09K08 


LS Keegeledesar gas fel clamictenietes «ay war sscceeberssCeaneensedouewnes ieanawerstinewens Cat10KO1 
1 Gas Fuels 

19 Knowledge of factors affecting natural gas supply pressure to the appliance ...........000c0eeaees Cat10K04 
3.1.1 Natural Gas Residential Pressure 
4.5 System Leak Detection 
25.2 Appliance Input Rating 
25.3 Orifice Size 

20 Knowledge of factors affecting LP supply pressure. ..... 2.22.22. 0c cee Cat10K06 


3.2.3 Residential Propane Gas Pressure 
A.4.6 Propane Cylinder Enclosure 


) 
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